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PREFACE 

1 3 

»a 

This description of manufacture manual is bound in löose-leaf form 
to permit revision by page or chapter without reprinting the entire book. 
This form was necessitated by the fact that the data, as printed herein, 
was completed in 1945 with the printing being delayed until this time. 
Therefore, some of the equipment, methods and materials described herein 
may be outdated. However, the greater part of the data is currently 
applicable, and in order- to make that portion immediately available; the 
manual was printed without revision. Outdated information will be re- 
vised and issued for insertion in the manual as soon as is practicable. 
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FOREWORD 

^a/ 

This manual has been prepared with the twofold purpose of providing ä reference book of 
the various processes and methods that are in current use for the manufacture and inspection 
of precision optical elements used in fire control and other optical instruments, and of providing 
a textbook that can be used as a basis for training supervisory and working personnel in the 
making of such elements. It will be of value to production and industrial engineers who may be 
responsible for planning the production of precision optical elements, and to operating managers 
and superintendents who are engaged in their manufacture and who must train operating per- 
sonnel, either as skilled craftsmen or for specific duties. Since much has been published on the 
design of optical systems and optical instruments, this manual is not intended for the technical 
optical engineer, but rather for those who may be interested in the actual manufacture of lenses, 
prismp, and other optical elements. 

The editors have made ä special effort to use a logical, consistent style of nomenclature 
throughout the manual, thus taking an important step toward the standardization of the termi- 
nology used in this field, where, at present, there is no general uniformity. 

Many of the tables and charts have been prepared specially for this manual and are designed 
to provide ä convenient means for selecting the proper material, method, or tool to be used for a 
particular operation,.„or to replace the use of mathematical formulas. In these cases, the for- 
mulas on which the tables and charts are based are given either in the text or in an appendix. 

An effort has been made,, in assembling and preparing the material, to study and compare 
various individual practices and to reduce them to a practical working basis with a logical 
sequence. 

Although most of the material has been contributed by the staff of the Optical Shops of the 
Instrument Division at Frankford Arsenal, the executive officers assigned to the Division, and the 
MV ' V** MI   vi»g*uvv^f»5    v«**vr.\>.i K7- - T C»IUI»R/I^   yvrxxvx xvuwVPXIO cfrxxu. aooiovaiivc nave  KS*^;IX l^v^ivcu nyiii many 

leading manufacturers and from other government agencies, among them, the Navy Department, 
the United States Bureau of Standards, and the Apprentice Training Service of the United States 
Department of Labor. Many leading manufacturers have supplied illustrative and informative 
material, as indicated in headings and figure captions throughout the book. The manual was 
compiled and edited by Anderson, Nichols, Associates. 
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Many instjftimentg in use today must be 
equipped with optical elements of high precision 
in order to operate satisfactorily. In such an 
instrument, the accuracy of its indications is 
limited by the precision of the optical elements 
that it contains. Precision instruments include, 
not only fire control equipment, such as tank 
periscopes* range finders, height iinders, and 
gun sights, but. also cameras, microscopes, tele- 
scopes, binoculars, collimators, comparators, 
spectroscopes, and other scientific instruments. 

- High precision elements are especially nec- 
essary for fire control instruments because 
modern artillery must be able to fire accurately 
at targets that may not be visible to the gunner, 
that may be moving rapidly, and that may be 
either at closr; range or at great distances or 
heights. 

Optical elements are classified as prisms, 
windows, filters, reticles, mirrors, and lenses; 
and may be used for different purposes and in 
& variety of combinations. An azimuth type 
range finder* Figure 101, with its optical sys- 
tem,, Figure 102, is an example of an instrument 
which uses precision elements. While this 
particular optical system, illustrates the basic 
design for this type of range finder, it will be 
seen that it does not contain every type of 
optical- element. 

The manufacturing methods that are de- 
scribed in this book and the common types of 
elements that are described in this chapter are 
all associated with fire control instruments. 
However, the same processes and equipment 
may be used with equal effectiveness to make 
optical elements for other kinds of precision 
instruments. 

The polished surfaces of optical elements 
may be dividedr ifiwtlö generär diyiSiuiisT 
namely, 'flat' and; 'spherical?; and the elements 
themselves, into 'flatwork' and 'lenses'. Ele? 
ments that, have at least one polished spherical 
surface are called 'lenses' and if all of their 
polished surfaces are flat, they are classed; as 
'flatwork'l. This means that an element with 
one" fiat, ^surface and one .spherical surface 
would be known as a lens, even though the flat 
surface is processed iii the same way as. the 
surfaces of flätwörk; 
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FLATWORK 

The principle example of flatwörk is the 
'prism', the most common types of which are 
described briefly in this chapter.    Another .. 
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group of elements tha$ are "included: lö W3 

class are (Sailed 'glass plated. These may be; 

round* square, rectangular, or irregülar^shaped 
thin elements, the opposite faces; of which are 
flat and substantially parallel. Windows, fil- 
ters, reticles,-and mirrors are examples of glass 
plates. 

Prisms 

Prisms CFigures 103 through 117) differ 
from lenses in that their working (polished) 
surfaces are normally plane (piano) rather 
than spherical. They are used in fire control 
instruments to change the directions of light 
rays. This may be done by reflection (reflect- 
ing prisms) or refraction (refracting prisms). 
Some complicated prisms both reflect and re- 
fract light. 

The term 'prism' may be extended to include 
assembled units or 'clusters' composed' of two 
or more prisms cemented together to form a 
single unit (see Figures 104(b) and 146), 
The prisms shown in Figure 104(a) are not 
cemented but are mounted in the instrument at 
ä given separation, Such & group is called a 
'prism system'. Figures 103 through 117 show 
only a few of the most common .prisms and 
prism systems. A large number of Other prism 
designs are used to a lesser extent. Reflecting 
prisms contain one or more surfaces which act 
äs mirrors. The arrow diagrams in these fig? 
ures show how the internal reflections invert 
and revert the image. For an explanation of 
'inversion' and 'reversion' and function of 
prisms, see Appendix A. Refraeting prisms, 
Figure 117, are used when only ä small change 
in. direction and no inversion or reversion is 
required. 

throughout this book the 'working; surfaces^ 
of a prism, i.e.* the entrance ('incidenl') ahd 
exit ('emergent') surfaces, as well as any 
others which may reflect or refract the light 
rays; are called 'faces'. These 'faces' afeMways 
polished. The unpolished (ground) surf aces are 
usually called 'sides', 'ends', 'tops', oi* 'corners^ 
Some prisms have their 'ends' or 'corners' 
rounded tö facilitate mounting in the instru-i 
mfeiit,, while, most 'edges' (where, surfaces nteet) 
are beveled.   'Roof edges', höweveEs are» never 



beveled, since their f unctipn depends on having 
a sharp 03* 

A technical discussion of the function of 
prisms may "be found in Appendix A. The 
following description relates to certain co% 
mön types of prisms whose manufacture is 
described in this volume. Most of the prisms 
described are made in several sizes, so no pre- 
cise dimensions are given here, as they would 
appear on the working drawings, together with 
any angular or performance tolerances, 

Porro Pf isn*.-^In Figure 10$, the prism is 
resting on its 'hypotenuse^ The _i90° faces' 
form a right angle with each other. The ^sides' 
are parallel tP each other and perpendicular to 
the 'hypotenuse' and to the '90° faces'. The 
'top' is ground approximately parallel to the 
'hypotenuse'.   The 'ends' are usually rounded 

for mounting the prism in the instrument, 
though at times they may be simply ground pit 
at an angle. Sometimes a 'groove' may be 
ground across the middle of the 'hypotenuse'. 

Porro Prism Systems.—Porro prisms may 
be used in a variety of systems where it is de- 
sired that the image be inverted and the fays 
parallel. A familiar example is that of two 
pprro prisms arranged as shown in Figure 
104(a) which is one type of erecting system 
used in binoculars. This system also makes 
possible the use of a shorter instrument withr 
out reducing jhe length of the light path. 
Another type pf erecting system is illustrated 
hi Figure 104(b) and consists of two fight- 
angle reflecting prisms cemented to the hypptr 
enuse of a pprf 6 prism. 
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Figure 104,—Port© Prisi» Systems. 
Image Inverted—Emergent Rays Parallel wstn Incident Bays. 
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Abbe Prism.—The abbe (pronounced ab'bee) 
prism is shöwii in Figure 105. The angle be- 
tween the polished 'faces' is 45° as indicated. 
The 'side' is pefpendicüläf to the 'top*, the 
'bottom 90° face', and the 'end 45? face'. The 
'top' is perpendicular to the 'side 90° face' and 
the 'diagonal 45° face'. One 'end' is usually 
founded and the cofhefs on the other end« 
ground off to facilitate Mounting. The com- 
ponents are riot customarily designated äs 'left' 
and 'right' although the prism may be cut 
in the reverse fashion to that shown iii the 
drawing. 

Pörro Abbe Prism System.-.-—A modification 
of the pbfro system shown in Figure 104(b) * 
and with sihiilär properties, is* called ä 'porro 
abbe iystem', and cofislits öf Wo Mt of two 
right abbe prising arranged äs shown in Fig-r 
üre 106. When this system is used, it is iposr 
sible to separate the prisms^ when desired, to 
facilitate mounting, to lengthen the light path 
between the pfisriis of for any other feasori; 

Right-angle Reflecting Pf ism.^The f ight- 
ahgie reflecting prism (Figure 107);, while 
gimiläf tö the pöf ro pf ism in. genef al appeäf- 

ance, is used to change the direction pf the 
light rays through 90° instead of 180*. To 
accomplish this, the räys enter through one 
'90° face', are feflected on the 'hypotenuse', and 
leave reverted thfpugh the other '90° face'. 
For this reason, the '90° faces' are approxi- 
mately square. While the 'faces' and 'sides' 
make the same angles with each other that 
they do in the pof f o pf ism. 

Roof Prisms. Amici Prism.—-The amici 
(pronounced är-mee'chee) föof Pfism (Figufe 
108) may be considered similar to a right-angle 
reflecting prism, but has two 'roof faces' per- 
pendicular to each other which replace the 
'hypotenuse' face of the right-angle reflecting 
prism. Much ihore of the base 90° angle is 
ground off than in the case of the porro prism, 
making an appreciable 'top' (or 'bottom' äs 
some manufäctüfers prefef to term it). The 
'roof faces' must be perpendicular to each pthef 
within ä few seeprids. The '90° faces' of the 
amici pfisiri are perpendicular to the pafallel 
'sides'. The 'top' is ground approximately 
perpendicular to the plane bisecting the 90° 
base angle. 

^5is^5pr~ 
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Figure 105.—Abbe Prism  (Left). 

Leman,. or Sprenger Prism. — The leman 
(pronounced lee'tnun) roof prism is repre- 
sented in ^Figure lu». The 'iäee»1 (excepting 
only the 'roof faces') are all perpendicular to 
the two parallel aides'. The. 'top face' is par- 
allel to the 'bottom face', and forms an angle 
of 60° with the 'angle face'. The 'end' is per- 
pendicular to the 'bottom face' and the 'sides'. 
The 'roof faces? are perpendicular to each othei? 
to within ä few seconds and form angles of 
135° with the 'sides'. The projection of the 
'roof edge' is at 30° to the 'bottom face'.   A 

'cylindrical   surface',  used  in mounting the 
prism, is ground into the prism with its axis 

Brashear-Hasiings, or Abbe Roof Prism.— 
The Brashear-Hastihgs prism consists, usually, 
of one roof element and two reflecting prisms, 
all cemented together as shown in Figure 110. 
In this prism,, the image is inverted but there 
is no deviation of the light path. The reflecting 
prisms are made with 30° and 60° faces while 
the roof faces make, 135° with the sides and 
90° with each other äs usual. This prism May 
be made in two pieces, (instead of three) by 
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Figure 206.-^Pdfro Abbe Prism System»   linage 
Inverted—Emergent Rays.Pärallel with Incident Rays. 

combining each reflecting prisiB with a portion 
of thfe roof element. 

Rhomboid Prism, or Rhömb.-rThe rhom- 
boid prism, shown in Figure 111 has three 
pairs Of parallel surfaces. The two 'sides' are 
left unpolished and are perpendicular to the 
four 'faces', which are polished. Rhomboids 
are generally made with two 45° angles and 
two 135° angles between the 'faces'. The per- 
formance of the prism is determined by the 
parallelism of the surfaces and the accuracy of 
the angles. 

Dove, or Rotating Prism.—-rThis prism is 
shown in Figure Ü2. The 'inclined faces' 
form angles of 90° not only between them- 
selves, but also with the parallel 'sides', and 

•45° with the 'hypotenuse'. A circular 'groove' 
for mounting the prism is ground in the 'top'. 
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Pentä Prism.—The pehta prism is illus- 
trated in Figure 113* It has two parallel 'sides'* 
and four 'faces' two of which are silvered. 
The '90° faces' are perpendicular to each other 
and form angles of ll'2^° with their adjacent 
'silvered faces'. The 'silvered faces- form an 
angle of 45° with each other and all -faces' are 
^perpendicular to the parallelL 'sides'. The apex 
of the 45^ angle formed by. =the 'silvered faces' 
is ground off symmetrically to make the 'end'. 
This 'end' i& also perpendicular to the two 
'sides',, and forms angles of approximately 
112J&6' with both 'silvered faces'; 

Ocular Ppsms. ÖettMp Prism Used in 
Height Finder,, MsL^—A 'left' ocular prism is 
represented;4ft Figure 114\ .The 'top' and '90° 
face? are; parallel, and both are perpendicular 
to the- 'silvered face>. the 'side'* the 'slanting 

face', and the 'end', The 'slanting face' forms 
an angle of 10° with the 'side'. The 'silvered 
face' forms an angle of 130° with the 'side' and 
an angle of 40° with the 'slanting face*. The 
'45° face' forms ah angle of 45° with the '90 6 

face', 135° with the 'top', and is perpendicular 
to the 'side'; As an aid in grinding, the angle 
between the 'slanting face' and the '45° face' 
has been computed and is; indicated in the fig- 
ure äs 97b 6'. 

The pptical system in a height finder re- 
quires a corresponding 'right' ocular prishi. 
Except for the angle of the 'slanting face* and 
that of the 'silvered face', the prism faces are 
identical with those of ah abbe prism. 

OevMr Prism Assembly Used in Small 
Range Finders.—-Assemblies of this type are 
used in most small ränge finders, and are placed 
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Figure 112.—Dove, or Rotating Prism. 
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directly in front of the eyepiece (as viewed 
from the object)., Figures i02 and 116 show 
an assembly consisting of two components of 
the same general design ('ocular "A"', and 
'ocular '"B"'')^ ä rhomboid prism or 'rhomb' 
('ocular "0" **), and a wedge prism ('ocular 
"D" '). In some types, for example, the 80-cm 
base M1917 azimuth type range finder, a 'ret- 
icle slab' is provided between oculars "A" arid 
"B" as shown in Figure 116. 

The ocular "A" prism is shown in detail in 
Figure 115. The ground 'side' is parallel to 
the polished 'side face'. The '45° face' forms 
an angle of 45° with the 'bottom face'. The 
'top' and 'bottom face' are parallel, and both 
ape .perpendicular to. the parallel 'side' and 'side 
face'. The '25° €ace' is perpendicular to the 
'top' and 'bottom face', and forms the specified 
angle (in this case 25°) with the 'side face'. 

Wedge Prism.r—The refracting prism shown 
in Figure 1X7 finds many applications in fire 
control work. It is used in range finders or 
height finders to measure angles: (Measuring 
wedge'); or it may be used to enter a correc- 
tion into optical paths for deviations due to 
temperature   or   other   changes   ('correction 

wedge*) < In Figure 116, a wedge prism (ocu- 
lar "D") is cemented to the ocular "A" prism 
in order to direct, the light paths at the proper 
angle. 

Glass Plates 

As previously discussed, a 'glass plate' is a 
type öf fiatwöric consisting of a smooth, thin 
piece öf uniform thickness, with both flat sur- 
faces polished. 

Windows.—A window may be processed 
from either optical glass or ordinary plate 
glass according to its specific use. Although 
Windows of various shapes are used, the ma- 
jority are circular. The degree of accuracy 
required in their• manufacture varies äc'coräifigf 
to the instrument. 

Filters.—Filters axe made of special types 
of colored glass selected for itheir ability to 
reduce the strain on the observer's eyes and to 
assist the observer in viewing the target more 
favorably under conditions of strong sunlight, 
haze, -etp, Many shades of filter glass are used 
according to the -condition-'of use and the par- 
ticular requirements of the user.  Neutral filters 
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(filters Which reduce the transmission of all 
colors of light equally) are used to reduce the 
intensity of the light as for instance, when 
viewing an aerial target in the immediate 
vicinity of the sun. Red orange niters are 
said to enhance the contrast of a ground target 
against an ordinary background. Rod niters 
are used to observe the path of tracer shells* 
XellöäL filteri ;ard jaseiul in haze, or mist* 

Reticless—Ä reticle is a glass plate located 
in a focal plane of the. instrument, bearing on 
one of its surfaces a pattern, examples of which 
are shown inFigure 11$* m 

These patterns generally consist of a series 
of etched lines and numerals containing ah 
opaque substance which makes them appear 
black against an illuminated; background in 
daylight and luminous when suitably illumi- 
nated at night. 

Since the reticle lies in a focal plane the 
reticle pattern appears superimposed upon the 
target. Simple crosslines (Figure llS-G) are 
sufficient to establish a line of sight. Horizontal 
and vertical graduations are added to permit 
angular measurements and the vertical gradu- 
ations are often calibrated to give different 
range settings. 

The reticles \lseS in present day tirei control 
instruments are far more durable than the fine 
hair or spider web used in the past. Although 
they still may be used in certain commercial 
optical instruments {e.g.* surveying instru- 
ments), fine hair and spider web have not 
been used in fire control instruments for mili- 
tary purposes since long before the first World 
War* Reticle patterns are sometimes etched on 
a piano surface of a prism lying in the focal 
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plane. Besides etching, other methods iöay be 
employed to produce a reticle pattern (see 
Chapter 17); 

The quality of the glass upon which the 
pattern is formed depends on the extent the 
pattern is to be magnified. Barium flint (type 
No. 584-460) is favored because of the ease 
with which it can be etched. Plate glass is 
cheaper but does not etch as well and its use 
is restricted to reticles with relatively large 
aM-simple .patteriis. .     _.  

Defects in the polished surface of the reticle 
should not be visible in the assembled instru- 
ments since they distract the observer. Any 
imperfections are magnified since the pattern 
is viewed at the magnification .of the eyepiece. 
When an Erecting lens system of greater than 
one power is used and the reticle surface is 
located pnthe; collective lens or on a-disk-at the 
fpeus of the objective, the reticle surface is 
subject to a total magnification equal to the 

product of the magnifications of the erecting 
systefii and the eyepiece. 

The shape of the glass element bearing the 
pattern depends upon the design of the instru- 
ment into which if; is to fit; Most reticles are 
circular, but some designs are of various 
shapes such as rectangular, square, or rec- 
tangular with one semicircular end (Figure 
U8-D). 

Front Surface Mirrors.—Ordinary com- 
mercial mirrors have their reflective coating, 
generally silver, on their rear surfaces. Mir-, 
rpra used in precision optical systems have 
their coatings on the front surface and are 
thus called 'frönt (or first) surface mirrors'. 
Only the front surface of these mirrors need 
be polished. Since the light does not pass 
through the glass, that portion of it which 
would normally fee absorbed by the glass is 
retained and any danger of ä 'double image' 
(reflecting from both frönt and back surfaces) 
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Figure li7.-r-Wedge, or Refracting Prism. 

is. eliminated'. Aluminum, chromium^ rhodium, 
and other metallic coatings which do not 
readily tarnish have replaced silver to a large 
extent. 

LENSES 

The lenses commonly used in fire control 
instruments are composed of one or more cir- 
cular glass elements having two spherical, or 
one spherical and one piano, polished surfaces. 
Such an element when used alone is called 
a 'single' or 'simple lens' (Figure 103). 'Com- 
pound lenses' are formed by cementing to- 
gether two or more simple lenses having a 
common radius of curvature on one surface. 

A concave surface is one that is hollowed 
out like ä bowl^-the interior of a curved sur- 
.-£o£o. .A., -convex, sür-face-, the QTvnQsite- of Con- 
cave, is shaped like a mound or a section cut 
from a solid ball—the exterior of a.curved 
surface? 

Double-convex, plano-convex, or positive 
meniscus lenses (Figure 103):, are called 'con- 
verging' lenses, because parallel rays of light 
which strike their surfaces are brought to- 
gether at a point. Double-coricäve, plaho-con- 
cave, and negative meniscus lenses are called 
'divergent'* because parallel rays, öf light that 
strike their surfaces diverge or spread apart 
like a megaphone. 

Most convex lenses are made of crown glass, 
while concave lenses are generally made, of 
flint glass. " \ 

A very few non-circular lenses are used 
and in some rather rare instances plastics are 
substituted for glass. Sometimes, to save space, 
a. prism v? a wedge may be made with one 
surface spherical. Lenses with one cylindrical 
surface, called 'ästigmatizers', are sometimes 
used in range finders. 
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This chapter describes laboratory methods 
of checking the optical characteristics and 
physical properties of different types of optical 
glass, and the principal defects that occur in 
its manufacture. 

OPTICAL GLASS 

Optical glass is of much better quality than 
ordinary window glass or bottle glass although, 
to the casual observer, they may appear to be 
similar. The basic constituents of all glass 
are the same, namely soda {sodium carbonate, 

-Na2CO.i)j; lime (calcium carbonate, CaCOs), 
arid särid {silicon dioxide, Si02). These may 
be mixed in various proportion's and melted to 
form glass, the characteristics or' properties of 
which (including the index of refraction arid 
dispersive power);, are dependent on the pro- 
portions of the constituents used. Since these 
proportions can be varied through a wide 
range, many different types of glass can be 
produced. Certain characteristics of the glass 
can be controlied further by dissolving oxides 
such äs leads barium^ or boron in the mixture 
while it is in the molten state. 

The 'index of refraction', or -refractive in? 
dex' äs it is also called, is a measure of the 
change in direction of a light ray as it passes 
from one medium (usually air); to another 
(glass). 

The 'index of refraction' of optical glass 
must be held to a specified value. Hence* it is 
necessary to control very carefully the propor- 
tions of raw materials going into the melt, the 
temperature of the furnace* arid the time of 
melting. No riiatter how carefully a batch or 
melt of glass is prepared, much of it must be 
discarded arid even the better portions of the 
.molf. jmsiiT. ehr•: .yaniniic dsfSCtSi      TheSS-defSCtS 

arfe illustrated in Chapter 24, Inspecting Opti- 
cal Elements, and are called firiaterial defects'. 

SLAB' GLASS'. 

'Slab glass' may be defined as square or 
rectangular pieces of glass of uniform thick- 
ness. Optical glass may be supplied by manu- 
facturers either in this form, or äs 'formed 
blanks' (see Figure 20i). These formed blanks 
may be either 'molded' or 'cut' as discussed 

IE      1 

later in this chapter. The thickness of a slab 
is usually specified within a tolerance Of +2 
millimeters, while the length and width may 
each vary from 2 to 12 inches. The smallest 
opposite surfaces are usually polished ta "per- 
mit inspection. 

INSPECTING SLAB GLASS 

The inspection of slab optical glass consists 
of five different tests, as follows: 

1. Light Absorption. 
2. Bubbles and Inclusions. 
3. Striae. 
4. Index of Refraction and Dispersive 

Power. 
5. Strain. 
The glass is inspected by submitting it to 

tests which reveal defects in these same fields 
and which are used to 'determine how it con- 
forms to the desired specifications in each. 
Particular tests that are used iri each of these 
fields are discussed in detail in the following 
paragraphs. 

i<   Light Absorption 

The brightness pf an image seen through 
any instrument is affected by the light absorp- 
tion of the glass used in it. 

'Light absorptiori' of a piece of glass may 
be defined as the loss of light intensity observed 
in an emergent beaih, iri excess of the losses 
due to reflection at the glass surfaces. It is 
usually expressed in per cent pel* unit Of length 
of path. 

Light is löst iri transihission in two ways as 
it passes through a piece of glass; first, by re- 
flectiori at each surface and second, by absorp- 
tion iri the glass itself. Of these two losses, the 
first is considerably the larger. Losses due to 
reflection may be calculated with a reasonable 
degree of accuracy,, but absorptiori losses must 
be deterrriined by phötoriietric meäsureinent. 

The light absorptiori of glass ^differs from 
one hielt to another, variations being caused 
chiefly by the degree of purity Of the compOr 
rierits used in making the glass; A Martens 
type polarizing . photometer (Figure 202) 
pointed at a white screeri that is evenly illumi- 
nated is iri coriimort use for measuring the light 
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•Figure 2Ö2i-4^Marteris Type Polarizing Phbtometef Used for Measuring 
ILigM Absorption of Glass. 

absorption of glass. In. this instrument there 
are two apertures leading to one eyepiece and 
arranged in such a manner that the fields 
viewed through the apertures may be compared 
and their intensities of illumination varied. 
This variation is accomplished by rotating one 
of the two polarizers in the instrument with 
respect to the other. The instrument is cali- 
brated by adjusting the polarizers jihtii both 
fields appfiar to Be of the same intensity when 
viewed through the eyepiece; Wo sample is 
used during this operation. Wheii this Ms 
been done, the scales are adjusted iii accord- 
ance with instructions furnished with the in- 
strument unül a reading of 100 is indicated. 

The sample to be tested^ is prepared by 
grinding the two opposite ends approximately 
parallel (within 3°) and then polishing these 
surfaces. To test the sample* it is placed in 
front of one aperture.   The intensity of the 

field viewed through this aperture will be re- 
duced by the amount of light that the sample 
loses by reflection and absorption. The inten- 
sities of the fields are matched by rotating the 
polarizer. When this condition has been ob- 
tained, the percentage of light transmitted 
through the sample will be indicated by the 
index reading on the dial of the instrument. 

The light absorption of one piece of glass 
per melt is generally considered as representa- 
tive of the Hielt. i± tile piece Is fejeCteu, tWO 
more pieces are tested. If one of these is, 
rejected, the whole melt is considered unsatis- 
factory. 

Since th6 reading of the instrument when 
the glass is placed in front of one aperture is 
usually not the same as when the glass is placed 
in front, of the other, the glass is placed first in 
front of one and the reading taken, then in 
front of the other and a second reading taken. 
The average of these two "readings is used. 

»l-r< ;-.3trf!SsE,*SiSr&IKS5S 
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The amount of absorption per centimeter 
may be determined; with, reasonable accuracy 
by* using; the following formula:. 

P (1) 

M = 
where B==the absorption' per centimeter,, 

expressed as a decimal. 
L=rthe lengthi of the sample be- 

tween:  the  polished   surfaces. 
Which is the distance the light 
travels through the sample,, ex- 
pressed' in centimeters. 

P = reading—of the Martens type 
polarizing   phötpmeterr ex- 

 pressed' in, per cent.   
~M—a. factor which, corrects for 

losses due to reflection, and is 
dependent only upon the re- 
fractive index öf the glass. 
(See Tabie, Figure 203.) 

Fjpr the derivation of this fprmula, see 
Appendix; B. 
Expressed fit logarithmic form,   formula 
(f) becomes: 

Libg(l-B) = lggP--logM (2) 
and, dividing through by L, 

Ipg(l^B) = log P -^ log M 

TABLE OF CORRECTION FACTORS <M) 
FOR DETERMINING LIGHT 

ABSORPTION CB) 

«0 
=index oil 

refraction for 
sodium light 

M 
= ( X-R )2 

where R=fraction 
of light reflected 

by the glass 
log M 

= log ( 1-Ä >* 

1.511 0.9189 9.96327-10 
1.517 0.9174 9.96256-10 
1..K2Ä .0.9158 9.96180-10 
1.541 0.9115 9.95976-10 
1.573 0.9033 9.95583-10 
1.580 0.9015 9.95497-10 
1.584 0.9004 9.95444-10 
1:588 0.8995 9.95400-10 
1.605 0.8951 9.95187^-10 
1.611 0.8934 9.95105-10 
1.617 0.8919 9.95032-10 
1.621 0.8909 9.94983^-10 
1.649 0.8836 9.94626r-10 
1.673 0.8772 9.94310-1Q 
1.720 6.8647 9.93687-10 

Figure 203. 

2(& 

the value of M may be obtained from the 
table giveri in Figure 203 if the index of refrac- 
tion of sodium light, n» in the sample öf glass 
being tested, is known, fhe value of B ob- 
tained from formula (I) is converted to a 
percentage by multiplying by 100. 

It should be rioted that the corrections for 
losses by reflection on the polished surfaces are 
calculated rather than measured. Deteriora- 
tion of a surface can alter the fraction of the 
light that is reflected sufficiently to cause a 
serious error. It is essential, therefore, that 
:the„.glaj_s^ surfaces of the sample be^freshly 
polished- '"_ 

Knowing the value of P arid M, from which 
P the value of ^ can be obtained by division, the 

value of B may also be read directly froril the 
chart shown in Figure 204, instead öf calcu- 
lating it by formula (1). 

On this chart, the scale ori the left repre^ 
P sents the various values of -T> expressed in 

percentages ranging from 80 to 100; the scale 
OIL the bottom, the length, L, of the sample of 
glass being tested, expressed in centimeters; 
and the siopirig lines, the values of B, expressed 
in per ceiit of light absorption per cöritiirieter. 
To illustrate the method of using the chart, as- 

. p . 
süme that the value of =j for a certairi sample 

of glass is 91.2 per ceni^ arid that its length 
between the two polished surfaces is 7.3 centi- 
meters. The horizontal dotted line starting at 
91.2 per cent on the left-hand scale, intersects 
the vertical dotted line rising frörii the gradua- 
tion on the bottom scale, that represents the 
length of 7.3 centimeters, at a point that lies 
hiidway between the sloping lines that repre- 
sent the values of 1.2 per cent and 1.3 per cent 
for JS. Moreover, it is about halfway between 
these two lines and, therefore, the value of B 
will be approximately 1:25 per cent. Similarly, 
if the length of the sariiple had been 7.4 centi- 
meters, the point of iritefsectiöri would be ap^ 
proxiriiately one third of the distance frprri the 
1.2 per cent line to the 1.3 per cent line arid, 
therefore, the vaiue of JS would be approxi- 
mately 1.23 pier cent. While the value of B 
öbtämed frorii the chart is riöt quite as accurate 
as though it were obtained by direct calcüla- 
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The amount of absorption per centimeter 
may be determined with reasonable accuracy 
by using the following formula: 

(i-B>-4 (1) 
M 

where B = the absorption per centimeter, 
expressed as a decimal. 

L==the length of the sample be- 
tween  the  polished   surfaces, 
which is the distance the light 
travels through the sample, ex- 
pressed in centimeters. 

P = reading of the Martens type 
polarizing   photometer,   ex- 
pressed in per cent. 

M==a   factor  which  corrects  for 
losses due to reflection, and is 
dependent  only  upon the  re- 
fractive index of the glass. 
(See fable. Figure 203.) 

For the derivation of this formula,  see 
Appendix B. 
Expressed in logarithmic form,   formula 
(!) becomes: 

L log (!-£) = logP ^ log M (2) 
and, dividing through by L, 

\ög(UB)= lögP — log M 

TABLE OF CORRECTION FACTORS (M) 
FOR  DETERMINING LIGHT 

ABSORPTION (B) 

=index of 
refraction for 
sodium light 

M 
==( 1-B )2 

where R=fractioii 
of. light reflected 

by the glass 
log M 

= log (   1-B   )2 

1.511 0.9189 9.96327-10 
1.517 0.9174 9.96256-10 
1;523 0-9158 9.96180-10 
1.541 0.9115 9.95976-10 
1,573 0.9033 9.95583-10 
1.580 0.9015 9.95497-40 
i.584 0.9004 9;95444-l0 
1.588 0.8995 9.95400-10 
1.605 0.8951 9.95187-10 
1.611 0.8934 9.95105-10 
1.617 0;8919 9.95032-10 
1.621 0.8909 9.94983-10 
1.649 0.8836 9.94626-10 
1;673 0.8772 9.94310-10 
1/720 0.8647 9.93.687?-10 

Figure 203. 

The value of M may be obtained from the 
table given in figure 208 if the index of refrac- 
tion of sodium light, nt, in the sample of glass 
being tested, is known. The value of B ob- 
tained from formula (1) is converted to a 
percentage by multiplying by 100. 

It should be noted that the corrections for 
losses by reflection on the polished surfaces are 
calculated rather than measured. Deteriora- 
tion of a surface can älter the fraction of the 
light that is reflected sufficiently to cause a 
serious error. It is essential, therefore, that 
the glass surfaces of the sample be freshly 
polished. 

Knowing the value of P and M, f rom which 

the value of ^ can be obtained by division, the 

value of B may also be read directly from the 
chart shown in Figure 204, instead of calcu- 
lating it by formula (1). 

On this chart, the scale on the left repre- 
• _• •• •-   ~   P serijts the various values of ^ expressed in 

percentages ranging from 80 to 100; the scale 
oh the bottom^ the length, Li of the sample of 
glass being tested, expressed in centimeters; 
aiid the sloping lines, the values of B, expressed 
in per cent of light absorption per centimeter. 
To illustrate the method of using the chart, as- 

P sunie that the value of ^ for a certain sample 

of glass is 91.2 per cent, and that its length 
between the two polished surfaces is 7.3 centi- 
meters. The horizontal dotted line starting at 
91.2 per cent on the left-hand scale, intersects 
the vertical dotted line rising from the gradua- 
tion on the bottom scale, that represents the 
length Of 7.3 centimeters, at ä point that lies 
midway between the sloping lines that repre- 
sent the values of 1.2 per cent and 1.3 per cent 
for B. Moreover, it is about halfway between 
these two lines and, therefore, the value öf B 
will be approximately 1-25 per cent. Similarly, 
if the length pf the sample had been 1A centi- 
meters, the point Of intersection would be ap- 
proximately one third of the distance from the 
1.2 per cent line to the 1.3 per cent line and, 
therefore^ the vahie of B would be approxi- 
mately 1.23 pör cegt. While the value of B 
obtained from the chart is not quite as accurate 
äs though it were obtained by direct calcüla- 
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Figure 30'4.—Graphical Method of Determining Light Absorption (B). 

tiori, the  result  is  usually close enough for 
practical purposes. 

2.   Bubbles and Inclusions 

Bubbles are formed in the glass when por- 
tions of gas or air are unable to rise to the 
surface and escape before the mixture cools. 
Gas may be given; off during the melting pfpc-^ 
ess or air may be introduced into the liquid 
mass while it is being stirred. Bubbles may 
be removed during the stirring by a process 
called 'fining'.    Stones, and other solid inclur 

sions which occur, can be eliminated by care in 
working the glass melt. 

Bubbles and inclusions of foreign matter 
are characterized by the fact that they reflect 
light which strikes them and thus are,made 
easily visible by cross illumination. They look 
very similar to dust motes in a sunbeam. They 
interfere in an optical system in two ways. If 
they are out of the focal plane and are present 
in large numbers, they may permit less light to 
enter the eye through the system.    If they are 

& - 
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in or near the focal plane, they appear as solids 
and therefore blot out parts of the field. 

Two methods are used for inspecting for 
the presence of bubbles and inclusions, both of 
which use cross illumination (see Figure 205). 
Tf the glass has two polished surfaces, this in- 
spection can be done in the air, or if the sur- 
faces are not polished, the sample must be held 
by tongs and immersed in a solution, the index 
of refraction of which is approximately the 
same as that of the glass. Any defects dis- 
covered are indicated on the glass with a china- 
marking pencil. 
 The solution is made by mixing- 'Halewax' 
oil (with a refractive index of LöS^/andeither 
Standard U. S. Light Mineral Oil (with: ä re- 
fractive index of 1.480) or mpnobromnaphtha- 
leiie (with a refractive index of 1.655), in the 
proper „proportions to produce the desired in-; 
dex of refraction. 

The table (Figure 206) shows the part by 
volume, of U. S, P. Light Mineral Oil or 
monobromnäphthalehe to be mixed with one 
part öf Haiöwäx oil to produce a mixture with 
the desired refractive index. The formula used 
in preparing this table is igiven iii Appendix C. 

In using the tables, the first two decimal 
places of the desired refractive index are given 
iii the left hand column and the third decimal 
place is at the heads of the remaining columns 
marked .000 to .009 inclusive. The result will 
be found on the line to the right of the proper 
figures in the left hand column and in the 
vertical column headed by the third decimal 
figure. 

3.   Striae 

The various components of glass become 
viscous flüidS'When they are melted and are not 
easy to stir. If xne mass is not mfxed thor- 
oughly and uniformly, streaks 6t veins may 
occur which have a composition that is slightly 
different from the general mass: These veins 
are called 'striae' (pronounced stri'ee). Because 
the composition of the striae differs from that 
of the surrounding glass, the refractive index 
will differ also. The greater the difference in 
the refractive index, the more detrimental is 
the effect of the striae and the more easily they 
are detected. 

If a beam of parallel rays passes through 
ä piece of glass containing striae, the rays 

r 

TABLE! OF VOLUME RATIOS FOR LIQUIDS USED TO OBTAIN A DESmED 
REFRACTIVE INDEX 

Refractive .000    | .001   ! .002 ,003    |      .004    |      .005    | .006    j .007 .008    | .009 
Index (wD) Standard U. S. P. Light Mineral Oil («^ = 1.480) at 25° C. 

1.48 
1.49 
1.50 

14,40 
6.70.   . 

153.00 
13.00 

6.33 

76.00 
11.83 

6.00 

50.33 
10:84 

5.70 

.   37,50 
10.00 

5.42 

29.50 
9.27 
5.16 

24.67 
8.63 
4.92 

21.00 
8.06 
4.70 

18.25 
7:56 
4.50 

16.11 
7.11 
4.31 

1.51 
1.52 
1.53 

4.13 
.2.85  . 
2.08 

3.97 
2.76 
2.02 

3.81 
2.67 
1.96 

3.67 
2.58 
1.91 

3.53 
2.50 
1.85 

3.40 
2.42 
1.80 

3.28 
2.35 
1.75 

3.16 
2.28 
1.70 

3.05 
2.21 
1.66 

2.95 
2.14 

.1,61 
1.54 
i.55 
1.56. 

1.57 
1.20 

.93 

1.52 
1,17 

.90 

.1.48 
1.14 
.88 

1.44 
1.11 

.86 

1.41 
1.08 

.83 

1.37 
1.05 

.81 

1.33 
1,03 
.79 

1.30 
1-00 
.77 

1.26 
.97 
.75 

1.23 
.95 
•73. 

1.57 
1.58 
1759 

.71 

.54 

.40 

.69 

.52   . 

.39 

.67 

.51 

.38 

.66 

.49 

.36 

.64 

.48 

.35 

.62 

.AT 
'     .34 

.60 
.AR 

.33 

.59 
-AA 

';-32 

.57 
-.43 
.30 

.56 

.tl 

.29 
1.60 
1.61 
1.62 

,28 
.18 
,io 

.27 

.18 

.09 

.26 

.17 

.08 

-   .25 
.16 
.08 

.24 

.15 

.07 

.23 
,14 
.06 

.22 
,13 
.05 

.21 

.12 

.05 

.20 

.12 
,04 

.19 

.11 

.03 
1.63 .03 ,02 ,01 .. .01 —L   . -=— —; -^- .' •^r-   ~\       —-^ 

1.63 
1.64 
1.65 

Monöbrömnaphthalene    (.nD == 1.655) ät 25° C. 

2,50 
3,00 

2.00 
4.25 

1.63 
6.00 

1,33 
.9,50 

1.10 
20.00 

.05 

.91 
.11 
.75 

.17 

.62 < 
.24 
.50 

Mix One Part (by Volume) of Halöwax Oil  (nD = 1.634) with Number of Parts Indicated 
Above for the Desired Solution. 

Figure 206. 

.32 
.40 

~*«P 

^t^gJ^f äS5g3Ef#it.»- Z, L&fÄsu^KS 



I 

§ 

which encounter the striae have their direction 
changed while those passing between the striae 
continue, still parallel, in their original direc- 
tion. When the resultant beam is examined, 
dark lines are noted corresponding to the posi- 
tion of the striae. It is evident, then, that 
striae in the glass of an optical system are 
harmful because of their light scattering effect 
which results in a loss of detail in the image. 

The greatest care in making the glass serves 
only to reduce the number and degree of striae 
present, and they are the chief cause of rejec- 
tion in optical glass. 

An approved set of comparison samples con- 
taining examples of different degrees of striae 
is used as ä guide by the inspector. 

Two Methods of Inspection for Striae; 
(1) Dry Method,.-^--The dry method is generally 
considered the more critical* and is used when 
the glass is polished oh opposite surfaces which 
are reasonably flat and parallel. In this case 
a s0iaescope (Figure 207) is employed. The 
most comfortable position: for inspection is 
found when the instrument is inclined at an 
angle of about 50° from the horizontal. 

A diagram showing the operation of the • 
striäescope is shown in Figure 208. The glass 
to be inspected is placed at P, between lens 
groups Li and L25 with its polished surfaces 
normal to the line of sight. The deflection and 
shift of light caused by slight oüt-öf-pärallelism 
of the polished surfaces can be accommodated 
by the movable cross slit B which is adjusted 
until the plate P appears in half shadow. In 
this position the striae may readily be seen by 
tilting or moving the plate across the field. 

(2) Immersion Method.^-The immersion 
method is generally considered less critical 
than the dry method and is used when polished 
surfaces are not available; The inspection may 
be accomplished by using ah apparatus as illus- 
trated in Figures 209 and 210. 

The refractive index of the immersion liq- 
uid mixture must be made exactly equal to that 
of the glass to be tested. A liquid with approx- 
imately the correct index is prepared using the 
liquid ratios shown in Figure 206? The glass is 
then placed in the tank of liquid in the striae- 
scope in the position shown in Figure 2Ü and 
observed through the eyepiece.   As the eye is 
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moved to the left of the eyepöint of the .m- 
strument, the piece of glass being tested will 
appear dark on the left and bright on the right 
if the liquid is lower in refractive index than 
the glass; and conversely, the glass will appear 
bright on the left if the liquid is higher in 
refractive index than the glass. The index of 
the immersion liquid may be reduced by adding 
a small quantity of the liquid of a lower re- 
fractive index. And similarly, it may be in- 
creased by adding liquid of a higher refractive 
index.. Thus an accurate match of liquid to 
glass is obtained.. The inspection for striae 
may then proceed as< in the dry method. 

4.   Index of Refraction and Dispersive Power 
1 liidex of Refraction.-^Figüre 212 shows 
the mechanism of refraction. RR' is ä light 
ray with perpendicular wave fronts a, b, c, d, 
e, etc. In the time that B reaches B' on the 
surface of the glass, A goes to A' inside the 
glass. The distance ÄA' is less than BB' be- 
cause glass is optically denser than air, and 

BB- _^ speed of light iftair 
AA' ~ speed of light in glass 
From the geometry of the figure it follows 

that:'       • . 
BB' 
'AA' 

sin % 
sin r = n• = index of refraction, (3) 

The incident ray R, the normal NN' to the 
surface AB'y and the refracted ray R' all lie in 
the same plane (in this case, the plane of the 
paper). 

Dispersive Power.—This same piece of 
glass will refract different colors to different 
degrees thus changing the value of r for the 
same value of i. It follows then that n, the 
refractive index, varies with the color of light 
used. To identify a type of glass, the n values 
for at least three colors are necessary. These 
colors are chosen from the red, the yellow, and 
the blue parts of the spectrum and are desig- 
nated ttc, nD, and wP respectively. The value wD 

when taken alone represents the average index 
of refraction for the glassi; These three <n 
values are combined to give an expression 
which is a measure of the dispersive power of 
the glass: 

Dispersive Power = ^=^2 
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COLLIMATING LENS COLLECTIVE LENS APERTURE 

Figure 207v^rStriaescope-^Dry Method. 
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Figure 209.—Immersion Striaescope. 
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(a)  Refractive Index of Liquid High 

o 

(b)  Refractive Index of Liquid Lew 

Figure 211.—-Plan View of Immersion Striaescope Used for Matching the 
Index of Refraction of a Glass Sample with a Liquid. 
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Figure 2i2.-^-Eefractiön öf Light Rays. 
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The optical industry has adopted the sym- 
bol V (Greek letter nil) to denote the reciprocal 
of this quantity, or 'v-välue' of the glass* thus: 

nD-l (4) 
nP—n0 

This v-value io sometimes referred to as 
'optical cohstringenee', 'refraction efficiency', 
or 'Abbe's number*. For convenience in letter- 
ing and printing, the greek letter V is often 
replaced by the more familiar English letter 
'V, so that the term 'V-value' may sometimes 
be found in optical literature or specifications. 

T<& Measure the Refractive Index of a Piece 
of Glääs.-4-The sample i3 prepared by cutting 
a corner of convenient size from the piece to 
be tested. One angle of this corner should be 
sharp and approximately 90° and one side adr 
jacent to this angle must be polished. 

tfhe measurement of the refractive index 
for sodium light can be accomplished by sev- 
eral methods.   An abbe refractometer, shown 

in Figure 213, using daylight for ä light source 
but calibrated to read directly in values of wD, 
gives results of sufficient accuracy with ease 
and speed. A set of tables is supplied with the 
instrument to make an approximate check of 
the v-välue possible. The v-value, however, is 
usually certified by the manufacturer of the 
raw glass. An accurate check of the v-value 
may be made on a Piilfrich type refractometer, 
Figure 214, in which monochromatic sources 
öf light are used. The refractive indexes, from 
which v can be Obtained, are measured to with- 
in 0.00002 for the C (red) and F (blue) lines 
of hydrogen. One sample per melt is con-^ 
sidered sufficient for ä check of refractive 
index and dispersive power. 

Figure 215 gives the np änd v-values, to^ 
gether With their respective tolerances, for 
various types of glass used in U. S. Army 
instruments. 

.*> s, > %*«, 
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Figüre 213.—Abbe Type Ref ractometer Used for Measuring Refractive Indexes. 
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Figure 214.—Precision Pulfrich Refractometer Used for Measuring 
Dispersion (v-value) as Well as Refractive Indexes («). 
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The Same of each, type is takenfrom ä pai- 
tieyl^r characteristic of the chemical composi-? 
tioii of the glass, and both the n0 and v^values 
are recJniTedvtö identify each. 

The second column shows the 'type numbers' 
which are made up of the first three digits tP 
the right of the decimal point under the nu 

value, and the v-value Without the decimal 
point. This number is marked on each piece 
of glass for a positive identification of the 
particular type of glass. 

5.   Strain 

When glass is heated until it is soft and is 
then cooled quickly, the outside of the glass be- 
comes solid before the inner portion lias cooled. 
The solidified exterior hinders the contraction 
of the slower cooling inside portion, thereby 
setting up what is known as'permanent'strain. 

Such a, condition may be eliminated by 
cooling the glass very slowly, This process is 
known, Jo, the. optical glass manufacturer as 
*fine annealing's Fine annealing insures that 
the outer parts of the glass cool at nearly the 
same rate as the inner and thus have little 
effect on the contraction of the inside portions 

Glass to. be•'fabricated into optical eleMents 
must :have been, fine annealed, but even after 
fine annealing some residual strains may still 
be fpuild. 

Both tension and compression are found 
in strained glass. When light is transmitted 
through strained glass, rays traveling along a 
line of compression encounter more molecules 
per unit of length than rays traveling along a 
line of tension. The difference in the density 
of glass under compression and glass under 
tension causes a corresponding difference in 
refractive index and is called 'birefringence'. 
Such a difference in refractive index, caused 
by strain, is measured in units of length of 
paths, and is expressed in millimicrons per cen- 
timeters 

Birefringence is easily detected by examin- 
ing the glass between two polarizers which 
have been set previously 'at extinction' so that 
no light passes through the second polarizer. 
When polarized light is -passed through..strained 
glass, its character is changed so that it will 
not be extinguished as it passes through the 
second polarizer. As a result, an illuminated 
pattern is revealed. 

TABLE OF OPTICAL CHARACTERISTICS FOR VARIOUS TYPES OF GLASS 

if                     -         -            • " . , , 
RECIPROCAL OF \ 

1 •  . INDEX OF REFRACTION DISPERSIVE j 

3^,                                Code 
•:      IS*                              Symbol 

Type 
Number, Type POWER 

Value 

Tolerance 
(plus or 
minus) 

v im) 
Value 

Tolerance 
(plus of 

• minus) 

'i 

1                                             BSC-JL 511-635 Borosilicate Crown 1.5110 0.0010 63.5 0:5 
<; 

1                                              BSO-2 517-645 Borosilicate Crown 1.5170 0.0010 64.5 0.5 p 

;   .    •--                                   G-l 523^586 Crown 1:5230 Ö.001Ö 58.6 0.4 
LBC-1 541-599 Light Barium Crown 1.5411 0,0010 59:9 0:5 •j 

'•                                             LBC-2 573-574 Barium  Crown 1.5725 Ö.0Ö15 57.4 0.4 -   i* 
DBC-1 611-588 DeTise Barium Crown 1.6110, 0s0015 58.8 0.4 

I« :                                              DBC-2 617-550 L __  Dense Barium^ Crown 1.6170 .  .0.0015. :,     55.0    - \     0.4, ,  
n                          VBC-ü 611-Ö7Z Dense Barium Crown 1.6109 0.0015 57:2 0.4 I 

L-B'F^-I 588-534 Light Barium Flint 1.5880 Ö.ÖtilS 53.4 6.4 1 
BF^l 584-460 'Barium Flint 1.5838 0.0015 46.0 0:3 i 
BF-2 605-436 Barium Flint 1.6053 0.0015 -    43.6 0:3 *f: 
LP-2 580-410 Light Flint 1,5795 0:0015 Ü.Ö 0:3 1" 
DF-1 605-380 Dense Flint 1.6050 0.0015 38:0 0.3 1 
DF-2 617r-366 Dense Flint 1:6170 0.0015 36:6 0.3 1; DF^3 621-^362 Dense Flint 1.6210 -   Ö.0Ö15 36.2 0:3 

EDF^l 649^338 Extra Dense Flint 1.6490 0.0015 33.8 0.3 ft! 
EDF-2 673^322 Extra Dense Flint :        1.6725 0.0015 32.2 0:3 
EDF-2 720-293 Extra Dense Flint 1.7200 0:0015 29:3 0:3 1 

Figure 215: 

^T 
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To .detect,a,slight:strain-athe test can be 
made more critical by placing a, birefringent 
crystal, known as a 'first order red retardation 
plate' between the polarizers. This causes the 
strain pattern to appear in differing colors 
rather, than in slightly different shades of gray. 
„- Figure 216 shows a commercial polariscope 
with an analyzer and with the polarizer set for 
extinction. , The glass-, to be tested is polished 
on two opposite surfaces, but not necessarily to 
a high degree, and is placed on the ground^ 
glass stage of the instrument with a polished 
surface down. The, biref ringent pattern can 
then be se°en in the analyzer.    ' '. 

Strain is of two types, symmetrical and 
unsymnietricar. The harmful effect caused by 
symmetrical strain is not as great as that 
.caused;by unsymmetrical strain. For this rea- 
son/ a limited amount of symmetrical strain is 
usually permissible. The amount of strain is 
determined by comparing the pattern in the 
.glass' as shown- in the analyzer with-'the-pat* 
terns in standard disks of known strain or 
birefringence. • Tluss, if the sample shows a 
.color between L those of the standard disks of 
40 and of 50 millimicrons, the average Of 45 
millimicrons may be assumed to be the strain. 
The value of the total strain, thus determined, 
divided by the distance the. light traveled in 
passing through the glass sample, expressed in 
centimeters,, gives the strain in millimicrons 
per centimeter. The usual tolerance for sym- 
metrical strain is 10 (ör less) millimicrons per 
centimeter. For unsymmetrical strain the usual 
tolerance is 5 millimicrons per centimeter. 

FORMED BLANKS 

A 'formed blank' is a piece of optical glass 
of the same general shape as the finished ele- 
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merit which is to be made frorifit, DutisiargeF 
by the amount of glass that is required for 
processing. There are two general methods 
employed in the manufacture of formed blanks. 

1. Molded, or Pressed Blanks (Press- 
ings).^—In this more common method,, the glass 
is heated until it is plastic enough to be molded 
or pressed1 into shape. The piece of glass from 
which such a pressing is made may be square, 
or any odd shape (see Figure 201 )<, but it must 
be of the correct weight, 

2. Cut Blariks.-^The other method usually 
stai-ts with the glass in slab form of the rer 
quired thickness. The blanks are sawed out of 
the slab without recourse to lieät or plastic flow 
of the glass. This method is commonly used 
in making the larger sizes of prisms. 

Since the formfed blank has nearly the size 
and shape of the finished element, there is a 
saving in material, as well as labor in the 
Optical shop. However, the blanks must be 
handled carefully to prevent damage, since 
even small chips may not be removed in the 
processing. 

INSPECTING FORMED BLANKS 

The inspection of formed blanks consists of 
four different tests, as follows:   . 

1. Dimensions. 
2. Bubbles and Inclusions. 
3. Striae and Index of Refraction. 
4. Strain. 

1.   Dimensions 

Bearing in mind that the blank is of nearly 
the size it will be when finished, a careful check 
must be made to insure that there is enough 
glass in the blank to permit sufficient process- 
ing to acquire the exact shape, size, and polish 
prescribed for the finished element.. The thick- 
ness of glass ground from each surface depends 
on the quality of the surfaces of the blank 
and the processing methods used. The normal 
allowance indicated on drawings for formed 
blanks is about 0.060 inch per surface. When 
a drawing of the formed blank is not available, 
the blank dimensions must be calculated from 
a drawing öf the finished element by the manu- 
facturer of the formed blanks.   A table giving 

.i«.uu». :„-!..j^^l lllSl/I'UUOUJiiö   iwi    nicac   baivuinuuiiB   10   uiuuucu 

in the U. S. Army Specification No; 51-70-3B 
for formed blaiiks. The dimensions calculated 
from this table do not necessarily coincide with 
those resulting from allowing 6;Q60 inch per 
surface and therefore acceptance must be baaed 
on whichever method the manufacturer of the 
blanks used. The dimensions given OR draw- 
ings for formed blanks are usually specified 
with tolerances of ±: 0.01 inch or equivalent. 
The measurements may be taken with either 
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Figure 21<>.;—Polariscope Used for Measuring Strain. 
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a scale or a dial gage. When the blanks are 
made by molding or pressing, the mold fixes all 
dirtiensions except the one which varies with 
the weight of glass used. In the case of lens 
blanks, the center thickness is the variable di- 
mension while the diameter is nearly constant. 
With molded or pressed blanks, the variable 
diiriension is easily recognized by measuring all 
dimensions on-a few blanks; whereas, with cut 
blanks all dimensions are considered variable. 

The measurement of surface curvature on 
formed blanks requires a radius gage. The use 
of radius gages is discussed in Chapter 7. 

2.   Bubbles and Inclusions 
The inspection for material defects such as 

bubbles and inclusions (folds, feathers, stones, 
talc, etc.), is accomplished by use of cross illu- 
mination of the blank (see Figure 205(b)) 
while it is immersed in a liquid of suitable 
refractive index. The adverse effect of the 
various material defects, visible by cross illür 
mination, on the performance of an optical ele- 
ment is determined by its place in the optical 
system, i.e., its function in the instrument. 
This is explained in Chapter 24. 

Folds, chips, fractures, or small bubbles 
which will be removed in subsequent processing 
are not cause for rejection. The usual practice 
is to permit such defects to a depth of one half 
the thickness of glass allowed for grinding on 
the surface. A lOrpöwer microscope equipped 
with a calibrated reticle is used for measuring 
the diameter of bubbles and depth of folds or 
chips.   This is done by immersing the blank in 

a tank of liquid, the refractive index of which 
matches that of .the blank, and focusing the 
microscope oh the defect under cross illumina- 
tion. A bubble is easily detected in this manner. 
A white diffusing background is then placed 
behind the tank to outline the. edges of the bub- 
ble more clearly. It is important to measure 
the projection of the bubble in the blank on a 
plane perpendicular to the light path in the 
finished element. When such projection of 
a bubble is not circular, the mean diameter is 
measured. 

3.   Striae and Index of Refraction 
Striae.7TT-The technique of inspecting formed 

blanks for striae is the same as the immersion 
method already described for slab glass, except 
that the orientation of striae in formed blanks 
must be considered. In many elements for the 
less critical optical systems, the use of glass 
containing a considerable amount of striae is 
permitted, provided that the striae are oriented 
normally to the light path. The orientation is 
fixed during the forming of the blank and 
therefore must be checked, in rolled glass* 
for example, the striae are oriented in sheets 
parallel to the rolled faces of the glass. After 
polishing, it can be seen that the striae are 
invisible when looking through the rolled faces 
but are easily visible through the edges of the 
glass. Rolled glass may be used for lenses 
when the plane of the striae extends through 
the edges of the lens. The diagrams in Fig- 
ure 2i7 show the orientation of striae in vari- 
ous shaped pressings made of rolled glass. 

~t3t^ 
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STRIAE. 

STRIAE 

(a)1 Convex Lens (b) Concave Lens (c) BorröPrisMi       (3) Sight-angle Reflecting, Prism 

Figure 217.—Orientation of Striae in Formed BlankSi 

I 
;-^*-tfl«5^?^,*,^l>'•:"?" T^«£!r?!ST«^s*«S^5S5«B^K55Spf 

' «*-**•*-,!•* «?*«gg8 



-   j<      -'  c ^r 
Index of Refraction..—Since the refractive 

index of the immersion liquid is made equal to 
that of the glass during the striae inspection•, 
the test also becomes one for index of refrac- 
tion of the blanks, when sodium light is used 
äs a source.   Usually the refractive index of 
the liquid is made equal to a glass sample 
haying the correct index of refraction. This 
sample is small and is kept immersed in the 
liquid throughout the test. The difference be^ 
tween the index of refraction of the liquid and 
that of the blanks being tested is estimated by 
comparison with another sample of ä known 
difference. 

4.   Strain' 
Inspection of formed blanks for strain may 

be done either dry, or by immersion.    The dry 

221 

inspection is satisfactory for prism blanks, or 
for lens blanks having only a moderate curva- 
ture. The test then proceeds as described for 
slab glass. Lenses öf sharp curvature may be 
inspected for strain by immersing the blank in 
a tank of liquid the refractive index of which is 
approximately the same as that of the blanks. 
If the polariscope used is similar to the one il- 
lustrated in Figure 216, the bottom of the tank 
must be transparent. When testing blanks for 
strain by the immersion method, it is impor- 
tant that the temperature of the liquid and 
glass be very nearly the same, since a small 
difference in temperature causes a temporary 
strain to appear In the glass. 
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The first operation performed on slab glass 
is to. cut the slab into squares or strips of the 
approximate sizes and shapes of the optical 
"elements to be made. This operation may be 
performed either by hand (using a scriber) or 
by machine. 

A method of cutting small pressings by ma- 
chine is described in Chapter 14, Small Abbe 
Prigms. 

HAND METHOD OF CUTTING GLASS 

The equipment in most optical shops geneiv 
ally includes small hand seribers with steel 
wheels for cutting either ground or polished 
glass surfaces, and diamond cutters for use 
only on polished surfaces. A straightedge is 
used as a guide for straight cuts. 

The slab to be cut is firmly and evenly 
bedded and braced on the table where the cut- 
ting is to be done*. The line for the cut is 
established at least 0.10 inch over the finished 
dimension for the piece. This allowance is to 
take care of uneven breakage and further 
processing. 

The straightedge is laid along the cutting 
line, to guide the cutting tool, and is secured in 
position to guard against shifting. In locating 
the straightedge, proper clearance must be al- 
lowed for the space necessary for the cutting 
tool. 

The cutter is placed on the line to be cut 
and a firm, steady pressure is applied. The 
path of the cutter should be across the entire 
piece in one stroke. The pressure applied starts 
ä fissure that extends downward into the glass. 
Thin pieces then can be completely broken by 
a bending action applied by the hands about 
the fissure. Pieces that cannot be broken in 
this manner are tapped with a small hammer 
onlthe opposite^süffäce^directly"above the cut. 

Circular pieces can be cut with a circle cut- 
ter or ä modified hand tool, equipped with a 
radius arm to cut pieces of various diameters. 

A detailed description of glass cutting tools 
and their usage may be found in text books on 
the manufacture of optical elements.*   Such 

*Orford, Henry;   Lens Work for Amateurs, 5th Edi- 
tion, pp. 8-17.    London: Pitman, 1931 
Strong, John W. Procedures in Experimental Physics, 
>pp; 84^39.    Pfentice-Halii 1943. 

information will be of value in the smaller 
shops and in instances where mechanical saws 
are unavailable or unsuitable.. 

MACHINE METHOD OF CUTTING GLASS 

The saws described are used to cut slabs of 
glass. They will cut a single piece of glass or 
a series of pieces which have been waxed to a 
supporting plate. The saws may also be used 
for certain special glass-cutting jobs. 

Cutting Wheels.—^Rubberrbonded carborun- 
dum, copper or steel serrated diamond, or 
sintered diamond wheels can be used inters 
changeably in various diameters and thick- 
nesses. A wheel 14 inches in diameter and 
% 6 inch in thickness is a good selection for 
general purposes. 

Cutting Oils;-^-The coolant is a light ma- 
chine oil compound. Using 'No. 138 Interna- 
tional Compound', an emulsion made by the 
International Chemical Company, the mixture 
is eighty parts of water to one of compound. 
Other suitable soluble oils may be found in 
Chapter 25. 

Mächines.^Typicäl machines which are 
being used as glass-cutting saws are manufac- 
tured by the Andrew G. Campbell Division of 
the American Chain and Cable Company, and 
by the Felker Manufacturing Company. 

American Chain & Cable Company Horizontal 
Glass Saw, Model 302. 

The horizontal traverse of the wheel head 
of the Model 302 machine (see Figure 301) is 
actuated by hydraulic pressure and its speed 
in eitherdirection is controlled pya metering 
valve. The rate of feed of the wheel head is 
variable from 0 to 108 inches per minute. The 
effective cutting length of the wheel is 20 inches. 
The automatic wheeUhead reversing mechanism 
can be used to stop the feed at either end of the 
stroke or to reverse the direction of movement 
at either or both ends of the stroke. The wheel 
head is raised and lowered by means of a hand 
wheel. 
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Figure 301.—Cutting Slab Glass into Prism Blanks -with a Horizontal Glass Saw; 
(American Chain & Cable Company, Model 302) 

Operation.—The work is sometimes held in 
a vise arrangement on the table of the machine. 
A strip of spring steel is placed against the 
work piece and secured by two adjustable 
clamps. These clamps can be adjusted to ac- 
commodate different sizes of work. The di- 
mension of the cut is controlled by the back 
rest?, Which also prevents the cut piece from 
flying off the-table. The work is kept cool and 
rubricated by the flood of coolant which is 
pumped directly onto the cutting wheel. All 
the excess solution is caught in a trough, piped 
back to a reserve tank, and pumped tip through 
a rubber hose* ready for respraying. The lu- 
bricating liquid pan be refused until it becomes 
gmöniy With the residue of glass. 

Two methods of cutting glass with this saw 
are used. In one method* a pass of the wheel 
is made completely across the work forming a 
groove approximately %6 inch deep. The wheel 
is returned to the starting point at the end of 
the stroke and the head is lowered from %et to 
"/Q   1UCI1>   UCpeuuiujs   uii. cue   (/jrpc   ui ^uu» -w" :fcrc' 

cut or the type of finish desired. This opera- 
tion is repeated until the glass has been cut in 
two. 

With the second method, the wheel moves 
horizontally through the piece as ahove, but 
the Work piece is cut in two with one traverse 
of the wheel. 

When opposite, sides of a piece of glass have 
already been rough ground planor-parallel and 
to thickness, e.g., the square pieces mentioned 

r 
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in Chapter 4, Sawing the Diagonal, a different 
technique is employed. The pieces are mounted 
with wax on a metal plate and then cut to 
within y$ inch of the plate. After the pieces 
are removed, the cut is completed by tapping 
with ä small hammer. This exception to the 
two methods of cutting discussed above is ad- 
visable since the saw blade often causes the 
surface next tp the saw table to chip at the cut. 

Making a Circular Cut.—By the addition 
of a special fixture fastened to a revolving 
head, this saw performs an accurate circular 
cut on a glass surface, as shown in Figure 302. 

=5 55    r 

The cutting wheel is not traversed When per- 
forming this operation. The lower (stationary) 
portion of the head is clamped onto the bed. 
The fixture is mounted on the upper (revolving) 
portion of the head directly over the axis of 
rotation. 

The head is positioned on the bed so that 
the distance from its center to the nearest cut- 
ting edge of the wheel is equal to the radius of 
the desired cut. The fixture is revolved by 
turning the handwheel. For the setup shown 
in Figure 302, the infeed per revolution is Ys 

of the total depth of the cut, 

Figure 302.—Maluxig a Circular Cut on a Prism Face. 
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Feiker Manufacturing, Company 

•Figure 308.—Optical Glass Saw. 
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Felker Manufacturing. Company Glass Saw 

figure 303'shows an optical glass saw which 
was originally intended for sawing quartz used, 
in the manufacture of quartz crystal controls 
and other piezo-electric devices for radio com- 
munication. The machine consists of a cast- 
iron base with the necessary pads for mounting 
the longitudinal and cross feeds, and a wheelr 
spindle pivot support. The wheel-spindle hous- 
ing is cast integrally with; a frame, one end of 
which supports a counterweight mounted on a 
threaded stud. This mounting arrangement 
permits movement of the weight forward and 
bäckward to adjust the cutting pressure. On 
the back of a dash-pot piston support, there is 
an adjustable stop to regulate the depth of cut. 

The rate of cutting is controlled by a variable 
orifice type of dash-pot. The cutting speed is 
400O to 4500 surface feet per minute. The 
longitudinal and cross feeds are of the typical 
screw arrangement with, thimbles graduated in 
increments of 0.001 inch. A rotating head or 
work base is mounted on the cross feed and is 
equipped \.ith a tilting device ranging from 
horizontal to a 10° inclination. The rotating 
head is calibrated in degrees and has a vernier 
scale. 

As ä precaution, a flat piece of Aberdeen 
stone should be inountcd on the rotating head 
to prevent damaging the saw or marking the 
machined surface of the head; A thermoplas- 
tic such as 'Stickum' is used to fasten the glass 
to the table. 
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ROUGH GRINDING PRISMS BY HAND 
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Prisms have been described in Chapter 1. 
They can be made from slab glass sawed as 
described in Chapter 3 or from molded blanks. 
This chapter describes the rough forming of 
these prisms by grinding them on rotating iron 
disks called -mills' (Figure 401), using ä loose 
abrasive mixed with water for a grinding 
medium. 

Emphasis has been placed on the funda? 
mentals of prism grinding and the equipment 
that has been developed to do this work. The 
reader—ean^apply this information not only to 
the manufacture of existing types of prisins, 
but also to any different types that he may be 
called upon to make. 

The early part of this chapter describes the 
fundamentals and basic operations of rough 
grinding prisms by hand, while the latter por- 
tion is devoted to the manufacture of porro 
prisms (the mpst 'typical' type of prism), and 

the modifications of the basic operations that 
are required to grind a number of other widely 
used prisms. 

FUNDAMENTALS OF ROUGH GRINDING 

Relation to Subsequent Operations—Aside 
from sawing, a simple operation which may be 
eliminated if molded blanks are used, the three 
basic operations in manufacturing a prism are 
—rough grinding, fine grinding, and polishing. 
Rough grinding may be defined arbitrarily as 
those grinding operations performed prior to 
blocking prism blanks for fine grinding and 
polishing. 

The three, basic operations that are required 
to grind and polish a prism face are outlined 
and described in Figure 402. In addition, this 
chart shows two hand correction operations 
which may be required if sufficient care is not 
taken in preparing accurate fixtures for rough 

Figure 40i.^A Block of Prism Blanks oil a Large Mill. 
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grinding, in mounting the blanks in the fix- 
tures, and in the actual grinding and polishing. 
Since the cost of accurate fixtures is relatively 
high it is sometimes more economical, espe- 
cially where small quantities are desired, to 
use cheaper fixtures and perform one or both 
of these supplementary operations. 

Grinding Mills.^-<&rinding mills are classi- 
fied by their diameter as large or small, a mill 
that is more than 18 inches in diameter being 
known äs a large mill, while one that is 18 
inches or less in dianiefer is considered to be 
a small one. A slight concavity will develop 
on the surface of a large mill in the area that 
is used most frequently. 

The grinding mills should be ehecked with 
a straightedge and corrected when necessary. 
Large mills are corrected usually by machining 
on a lathe ör boring mill, while small mills are 
corrected in place manually with a carborun- 
dum stone.    It is easier to distribute the wear 

evenly on a small mill than on a large mill, and 
therefore it is not necessary tö correct its sur- 
face as frequently. It is preferable to keep the 
surface Of a small mill slightly convex* As- the 
operator attains more skill in the manipulation 
of blocks on a large mill, the necessity for 
correcting its face will become less frequent. 

Fixtures.—Sufficient accuracy may be öl> 
tained in rough and fine grinding to eliminate 
hand polishing correction. This is accomplished 
generally by mounting the prism blanks on 
plates or special blocks made from metal such 
as meehanite or steel. The pieces of glass must 
be waxed firmly to the fixture and seated care- 
fully to prevent shifting. The accuracy of the 
angles obtained in the prisms is limited by the 
precision of these fixtures. For example, in 
order to process prisms within 2 minutes of 
arc, the fixtures must be at least that accurate; 

CHART OF BASIC OPERATIONS IN PRISM MANUFACTURE 

4f> 

No. Operation Function 
Degree of flatness obtained 

in each operation 
Magnitude of surface defects 
after completion of operation 

i Rough 
Grinding 

To shape prism, obtain proper 
linear dimensions and in most 
cases the final angular dimen- 
sions. 

----'-      -     ' -        "     " r.. " - 
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1                                            1 
V    \ij           v r« v    "v 

"   -      '     "trf     " FFF Brush Diagram 

2 Grinding 
Hand 
Correction 

- *' 

To reduce any angular errors 
that remain after rough grind- 

ing   to   within   the   specified 
tolerances. 

No change. No change 

3 Fine 
•• (Grinding 

To remove pits and scratches 
of preceding grinds, preparing 

, surface for polishing.    To re- 
duce rough ground surface to 
the degree of optical flatness 
required in the finished prism. 

From several bands to Vut 
band  or  better,   depending 
oii the accuracy required. ^-WVVV-V-~,   /V', w_ 

#1600 Brush Diagram 
A' 

,t    X UlADftUIZg -ivciiiG^f £  ^jT'.Tiviiltß  pi 1*3  Situ.  SI» jT 
scratches remaining. 

MA     AJ» t\ »* swsv 

^ face is free of pits and 
scratches. In practice, pits 
from 0.ÖQÖ2 to 0.0003 and 
scratches up to 0.0005 inch 
exist., 

5 Polishing 
Hand 

; Correction 
t. . _ ,  

To reduce any angular errors 
that remain after polishing to 
within the specified- tolerances. 

No change. No change. 

* It is possible (and frequently practical) to obtain, the necessary accuracy of angle during rough grinding 
thus.eliminating the step of grinding hand correction. 

** Polishing hand correction also may be eliminated By-.obtaining  (generally through the use of very precise 
fixtures) the requisite angle accuracy during .fine grinding and maintaining it during polishing. 

Figure 402. 
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The initial;, cost and the maintenance of 
stich, precision fixtures is expensive, but they 
reduce errors which may be due to inexpert 
enced personnel. Iii other words, much of the 
responsibility for the accuracy in grinding may 
be transferred from the optical shop to the tool 
room. A plaster block may be considered one 
form of fine-grinding and polishing fixture. 
However, because a certain amount of error 
may be introduced in plaster blocking, closer 
tolerance oh the low limit should be observed 
during the rough grinding operation to allow 
sufficient material for correcting such errors 

Wprking on the Grinding MilL-^Since the 
surface of the mill as well as that of the glass 
is ground away during the grinding process, 
the work must be manipulated in such a man- 
ner that the mill will retain the desired-contour; 

Essentially, the resultant shape of the work 
is the exact opposite of that of the mill surface 
on which it is ground. That is, a concave mill 
surface ^produces a convex work surface and 
vice versa. Therefore, it is necessary to check 
the contour of the mill carefully from tihie to 
time and make allowance for any change in its 
shape during grinding. 

It is preferable to grind the surfaces of a 
prism blank until they are flat or slightly con- 
cave, äs this will facilitate both the blocking 
and fihe-griading operations which follow. As 
much progress should be made towards, this 
end as is practicable with the #70 and #150 
abrasives, and the final contour Of the surface 
desired by rough grinding should be obtained 
with #220 abrasive.  This is important, because 

the principal function of the FF and FFF 
abrasives which are used next, is to remove 
glass evenly across the entire surface. If these 
latter abrasives were employed to correct the 
contour, a much longer grinding time would be 
required. 

The abrasive must be of even particle size 
to prevent heavy scratching and pitting, while 
the grinding mixture must be of the proper 
consistency to avoid scratching the glass sitt> 
face and insure maximum cutting efficiency. 
In rough grinding a glass surface, the coarsest 
abrasive is used for the first stage of the 
process and is followed by successively finer 
abrasives as the grinding progresses. (See 
Figure 403.) 

The abrasive-water mixture is spread oh 
the mill after which the work block is placed 
oh it gently about half way between the center 
and the edge and allowed to turn freely for a 
few seconds by holding the handle loosely. Next 
it is held with the handle resting in the pocket 
between the thumb and forefinger of the hand; 
While moving it back and forth across the face 
of the mill, it is turned in quarter revolutions 
in a direction counter to the rotation of the 
mill.  Pressure is applied at each turning point. 

When the abrasive on the mill is spent 
(i.e., has lost its catting efficiency), it is some- 
times advisable to remove the block and to 
pour water across the face of the mill while it 
is rotating to clean it before making another 
application. This removes any residue which 
would reduce the cutting power of the newly 
applied abrasive* 
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TABLE OF LOOSE ABRASIVES USED FOR ROUGH GRINDING 

ABRASIVE 

Coarse 

Medium 

PARTICLE SIZE 
(APPROXIMATE) 

•••  inches 

0.0098 

0.0039 
0.0029 
0i0029 

.0*0012 
0.0008 

MANUFACTURER'S 
DESIGNATION 

#70 grit, 

§150 grit. 
220 grit (large mill) 

#220 grit (small mill). 

FF 
FFF 

 -THICKNESS^   _ 
REMOVED 

BY EACH ABRASIVE, 
inches 

excess thickness 
(over 0.175) 

0.100 
0;040 
0.020 

0.010 
0.005 

THICKNESS 
REMAINING 

FOR SUBSEQUENT 
REMOVAL 

inches 

0.175 

0.075 
0.035 
0.015 

0.005 
0;000 

The abrasive designations used for, rough grinding in this book are those of the Carborundum Company, 
equiyalent"sizes by other manufacturers, and for fine grinding abrasives, see Figure 2501. 

/ ;; -..-.< Figure 403. 

For 
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While it is necessary to maintain, an evenly 
ground surfaSe, the tolerances for flatness are 
not as close in rough grinding as in fine grinds 
ing, since the greater evenness obtained in fine 
grinding permits a greater degree of flatness. 
However, it is advisable to take measurements, 
of the glass frequently, in order to avoid grinds 
ing below the limits set forth in Figure 403. 

Variations in thickness of the overhanging 
pieces of glass are indicated by marking each 
piece with a china,-marking pencil. While oüt- 
of-parallel variation of 0^030 inch is permissible 
when grinding with #70 and #150 abrasives, 
the- variation over the entire diameter of the 
block should not exceed 0.0Q1 inch when the 
finished thickness has been attained^ Because 
of the greater speed, grinding is accomplished 
more rapidly oh the periphery of the mill than 
on its center. Therefore the area of the block 
which requires most grinding . \ould be kept, 
towards the outer edge of the mill. The exact 
amount of pressure to exert, the area in which 

„it is needed* and the length of time necessary 
between taking measurements to determine the 
progress of the grinding depends largely on 
the individual and can only -be determined by 
experience. 

The block should be allowed to turn freely 
with the rotation of the mill for several seconds 
in order to grind down any rough spots before 
it is removed for measurement. Then it should 
be kept parallel with the mill as it is lifted in 
order to avoid chipping or beveling. 

The same technique is used in grinding 
on any size mill or with any size abrasive. 

' ~ix CuärSB ä'uräSiVc- CüiS'"'xäSi/6JT aüu TeHlGVcS—a" 

greater volume of glass than a fine oiie; Cau- 
tion must be observed in all stages of grinding 
so that the surface is ground evenly but hot 
too much. 

When grinding with #220 abrasive, very 
often the work is started on a large mill and 
finished on a small one. In this way, the cut- 
ting power of the same size abrasive is utilized 
further to eliminate any surface irregularity. 

BASIC ROUGH GRINDING OPERATIONS 

Prisms may be madfe from slab glass or 
from formed blanks, Figure 404 lists the basic 
operations that are required to make a prism 
from slab glass arid rough grind it in prepara- 
tion for fine grinding. As noted in the figure, 
three of these steps are not necessary wheii 
molded blanks are used instead of slab glass. 
Care must be exercised in every step since each 
operation has a direct effect upon the one which 
follows. 

TABLE OF BASIC ROUGH GRINDING 
OPERATIONS 

NO. OPERATION 

1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 

Cutting into Squares (for Slab Glass Only) • 
Grinding Prism Sides Parallel and to Thickness. 
Stacking; and Squaring the Stack. 
Grinding Stack Sides Parallel (for Slab Glass 

Only),. 
Sawing the Diagonal (for Slab Glass Only). 
Grinding the Hypotenuse. 
Correcting the Angles. 
Grinding Tops and Corners. 

NOTE: Operation Nos. 1, 4, and 5 are not performed 
when using formed blanks.  

Figure 404. 

1. Cutting into Squares (Slab Glass Only). 
--This operation is the major difference be- 
tween the processing of slab glass and molded 
blanks into prisms, since slab glass must be cut 
into squares and then into triangles. In order 
that the triangles of glass will be of the desired 
size, the,rough square (Figure 405) must be 
large enough to compensate for the amount of 
glass that is lost when the diagonal cut is.made, 
as shown in the figure. 

2,.Grinding Prism Sides Parallel and to^ 
Thickness.—This, operation is the same for 
both slabs and formed blanks. In it, the sides 
are ground parallel and the pieces are brought 
to the proper thickness. 

3.   Stacking, and Squaring the Stack.— 
This operation is the same for both slab glass 
and formed blanks., The pieces, whether square 
or triangular* are put together with beeswax 
side by side into 'stacks', not more than "3% 
inches in length* as shown in Figure 406. 

-4-^W* .-*'>•*>*«-_ IftJ».  -^ 

*•-• .-«•&-«A-r- 
.„•np,->:*«i.^-K>j. .'*i'-li-'.Ö'*ls-S'*L,. .il'-s. -*.«fc-f*«A^ >-t*«.SwiSi*1 .^^»fei^tst«A»*i«iÄ4^&S,wäaAA^ 



408 "«.;# 

{SAW 
OPERATION #1 

GROUND  SQUARE HtT// 

A=0.7Ö7S 

OPERATION &A 1 '^""~" T*1 

Figure 405.^-Layout for Grinding a Square Piece with Allowance 
-  ^ ' f6r Cutting the Diagonal. 

ALLOWANCE FOR 
DIAGONAL CUT 

OPERATION & 5 

Figure 406.^-iStacks of Glass. 

primary purpose of this operation, which is 
performed by hand, is to establish a reference 
angle to which all other angles of the prisms 
can be ref e«r.eÜ^4Jsually .a'JELQ^ jangle is selected^ 
for this purpose, but even if an angle other 
than 90° is used, e.g., 120° or 8.0°, the operation 
is still called 'squaring' (see Figure 407). 

When the reference angle has been selected, 
it is measured carefully with a gage and any 
error is; corrected by using FFF abrasive. 
Detailed information on methods for correcting 

xtr. 6 V"  

Figure 407.—Squaring Angles; 

angie¥Is^iscussea"Tin Chapter- 
however, the finer the abrasive the more accu- 
rate will be the resulting angle. 

4. Grinding Stack Sides Parallel (Slab 
Glass Önly).^-At the .completion of the squar- 
ing operation, one of the squared sides of each 
stack is mounted ön a blocking plate and the 
opposite sides are ground parallel. Next the 
stacks are removed* the other squared side of 
each is mounted on the plate äiid the opposite 
sides are ground parallel* 
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Figure 408.—rSguare Pieces with Diagonal Cut. 
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5.   Sawing the Diagonal (Slab Glass Only). 
—-The stacks are taken apart, and the glass 
squares are cleaned and mounted firmly, with 
beeswax, on metal strips so that the diagonal 
corners of each square lie on ä line drawn along 
the center of the strip. The strip of glass 
squares is cut with a saw as discussed in Chap- 
ter 3.   (See Figure 408.) 

dt Grinding the Hypotenuse.—The next 
step is to mount the prism blanks with beeswax 
in ä 90° V-plate, with the hypotenuse up, as 
shown in Figure 409, and then grind the work 
until the dimension AB is reached. If the length 
of the prism blank, CD, is the only dimension 
given, AB can be computed easily, because in 
an isosceles right triangle, the distance from 
the apex to the hypotenuse, that is, AB, is equal 
to one half of the length of the hypotenuse, CD. 

Figure 4Q9.^-Arrarigement for Measuring Through 
a Prism Block. 

Sometimes it is more convenient to measure 
the depth of the prism blank through the block, 
that is, measure the distance AE. In order to 
do this, it is necessary first, to determine the 
thickness BE, of the block itself. This can be 
done by placing a prism blank of known dimen- 
sions in the block and subtracting the depth of 
the prism blank, AB, from the overall thick- 
ness, AE. The dimension, BE, can then be used 
for all future grinding operations using this 
same fixture. When grinding certain -pieces, 
particularly those having complicated angles, 
it may be advantageous to allow four equally 
spaced pieces called 'markers' to extend beyond 
the edge of the plate so that they can be 
measured directly with a micrometer as shown 
in Figure 411. 

7. Correcting the Angles.—Methods for 
correcting angles are discussed in detail in 
Chapter 15. 

8. Grinding ^ops EüVU Corners.—rThis op- 
eration is necessary for all prisms having reg- 
ular corners or large flat bevels. The tops of 
the prism blanks are ground parallel to the 
hypotenuse faces on a blocking plate (Figures 
410 and 411). Grinding corners (or bevels) 
on some prisms (see Figure 412), may require 
the use of an angle plate; The dimension 
through the block is obtained as described in 
Operation No. 6, above. 
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Shürön Optical Company 

Figure 410.—Pbrro Prism Pressings Mounted oil a 
Blocking Plate for (Grinding the Tops. 

KgS&ß- 
pl^ASE 

Figure 412.—Position of Micrometer for Determining 
the Size of Corners on Porro Prism Blanks. 

The work to be done on the glass will deter- 
mine the type of adhesive to be used. Sealing 
wax, which has a heavy hoii-pliable base, is 
employed usually in uniting surfaces, such as 
glass strips or wedges, (see Figures 413 and 
416). 'Stickum' is used between rough surfaces, 
or in cases where the glass will be subjected to 
ah exceptional amount of pressure* as when 
rough grinding, with #70 or #150 abrasive. 
For second-side mounting where greater ac- 
curacy is required, 'Gerelene' or beeswax would 
be selected. 

r-l-KiaiW Bl_ANK^r-üLASS öiitirs 

Figure 411,^—Measuring After Grinding the Tops of 
Pbrro Prism Blanks. 

PREPARATION FOR ROUGH GRINDING 
Adhesives*—Adhesives should be strained 

before -Using to insure cleanliness, since grit or 
any foreign material may affect the accuracy 
of the work äs a result of poor mounting. Figure 413.^-Adapting Large ChannelV-pläte for 

Small' Prism Blanks. 

<W 
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Selecting the Blocking Pläte.^—The top sur- 
face of a piano plate is checked with a straight- 
edge as shown in Figure 414. A maximum 
concavity of 0.ÖÖ05 inch in the center of the 
plate is permissible. The deviation space be- 
tween the straightedge and the plate may be 
determined with considerable accuracy by ad- 
justing a micrometer so that its opening shows 
the same amount of light that is seen under the 
straightedge. If the straightedge reveals high 
areas, that is, portions of the surface that are 
convex, the plate should be placed oil ä rotating 
spindle and these areas ground off with a car- 
borundum stone. 

(' 

Figure 414.—Checking ä Blocking Plate with a 
Straightedge^ 

An angle plate should be made to provide 
the greatest bearing surface possible (Figure 
415), and should accommodate the work in 
such a manner that any chipping of a knife- 
edge is prevented. 

If the prism angle desired is slightly dif- 
ferent from the angle machined in the plate, 
the angle in the fixture can be corrected by 
preparing glass wedge-shaped strips of proper 
dimensions by hand, and mounting them in 
the angle channels with sealing wax. The 
prism blanks are then seated against the glass 
strips with beeswax, as shown in Figure 416. 
Similarly, a large channel can be reduced in 
depth to accommodate small prisms by insert- 
ing strips of flat plate glass as shown in Fig- 
ure 413. 

Removing Edge Irregularities.-^When the 
area of the prism surfaces_in^contact with an 
angle plate, is smaller than the surface to be 
ground, edge irregularities may cause displaces 
ment of the blanks while grinding with a 
coarse, fast-cutting abrasive. For this reason, 
it is advisable to bevel all sharp edges and corr 
ners on a small mill with a medium abrasive 
(FF or FFF) before doing the principal grind- 
ing with a coarse (#70) abrasive. 

Mountings—In the optical trade, the noun 
'block' is applied indiscriminately to (1) a 
piano plate, (2) a fixture having grooves or 
Channels or (3) the resultant unit formed by 
mounting the work on either. Throughout this 
book, the piano plate is termed a 'blocking 
plate'; the fixture having one channel, ail 'angle 
block' (e.g. a V-block); if more than one chan-r 
nel, an 'angle plate'; and once the work has 
been mounted, the unit comprised of fixture 

Figure 415.—Angle: Plates for Mounting Prism Blanks. 

T   -^ 
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Figure 416.-^Angle Plate with Glass Wedge for 
Changing the Angle of the Channel. 

and work will be called a 'lens block;, 'prism 
block', %hrdow block', 'filter block', 'reticle 
block', 'mirror block', 'work block', or simply 
'block'. Therefore, when reference is. made to 
a block being ground on a mill it means that 
the work is being ground aiid not the fixture. 

The operation in which flatwork is attached 
to a fixture (piano or channeled), for holding 
in a definite position, until the- operation for 
which it was positioned has been completed, is 
termed 'mounting'. 

One procedure for grinding has just been 
discussed, that is, the blanks are mounted oh a 
blocking plate, one side ground, and then the 
pieces are removed from the plate, inverted, 
then mounted again and the other side ground. 
Another method, known as 'transferring' has 
been developed which is preferable in some 
ways.   This is described in detail iii Chapter 9. 

Still another method has been developed 
which is known as 'continuous processing'. 
This differs from the preceding methods in 
that once the work is mounted, it is rough 
ground, fine ground, and polished completely 
before removing and remounting for process- 
ing oh some other surface. 

ROUGH GRINDING VARIOUS TYPES 
OF PRISMS 

The basic rough grinding operations de- 
scribed above are now discussed in connection 
with porro prisms (see Chapter 1, Figure 103). 
It is to be noted, that, each operation is per- 
formed iii the order already mentioned and 
certain additional steps are treated as they 
apply. Additional variations that pertain to 
other types of prisms then follow. 

Porro Prism 

First Side,-r^After cutting the slab glass 
into squares, or when using formed blanks, 
surfaces which are to become the sides öf the 
prisms are prepared for processing. 

A blocking plate is placed on a tripod and 
warmed sufficiently to melt the wax to be ap- 
plied.l The temperature required to do this wil 
depend on the flow point of the wax. Either 
a bunsen burner or ah electrically heated hot 
plate is used, but the latter is preferable since 
it heats the plate more uniformly. After wiping 
each piece with a cloth, it is mounted on the 
blocking plate by pressing it firmly into the 
wax to insure firm adhesion. This process, is 
repeated until the plate is filled with pieces 
spaced equally. Four pieces may be spaced 
equally around the circumference, to overhang 
the edge of the block for convenience in ob- 
taining direct micrometer readings. (See Fig- 
ure 4ll.) 

After mounting the prism blanks, the block 
is placed on a ring in a water trough to cool as 
shown in Figure 417. The water level should 
be adjusted carefully so that it does not touch 
the glass, äs heat cracks may result if cold 
water touches the warm glass. 

It is customary to remove an equal amount 
of glass from each side of the pieces, that is, 
the amount that is to be removed from each 
side will be one half of the difference between 
the thickness of the original and the finished 
pieces. Finer abrasives axe used as the rough 
grinding .progresses and the work approaches 
the finished sizei The table in Figure 403 will 
be useful in determining which abrasive should 
be used at each stage of rough /grinding; 

The amount of glass that has been removed 
—can. be -determined, from time to. iime:byjneas=^ 

uring the thickness of the pieces with a mi- 
crometer, either through the block or directly 
by means of overhanging markers. (See Fig- 
ure 411.) ; 

Second Side^—After the first side has been 
ground the block is heated and the prisms re- 
moved and cleaned. Next, they are remounted 
and ground in the same manner, but with the 
newly ground first side in contact with the 
blocking plate. 

') 

EIL23" ~l:- saw*. 



Figure 417.—^Pfism Blanks Cooling in ä Trough of Water. 

Stacking—The pieces of glass are heated 
on ä hot table or electric hot plate sufficiently 
to melt beeswax. A layer of beeswax is applied 
on one of the ground sides Of one blank and 
another is placed on top of it. The pieces are 
rubbed and pressed together firmly in order to 
remove any surplus beeswax, thus insuring that 
the two surfaces are in close contact. Addk 
tiönäl blanks are added one at a time in the 
same way until the stack is complete. The 
number of pieces which maybe stacked together 
depends upon the size and shape of the prisms, 

-U..l~-~ -_i._.-.1.. .; ~~~Xi~.._-.0,1./_  .l~.~X.~~.-i~- V~~~i-l.~i~. 
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unwieldy and difficult to square.    (See Figure 
406.) 

Next the stack is taken off the hot plate, 
placed in a 90°-angle plate, and a rejected large 
right-angle prism or suitable piece of metal* 
after being warmed, is placed against the end 
of the stack to act as a retainer as shown in 
Figure 418. The only function of the angle 
plate is to hold the stack in alinement until the 
wax solidifies*   The stack is neither waxed to 

the plate nor to the retainer, but is pressed 
downward with the hand while the retaining 
prism acts as a brace. 

. RETAINING 
?RfGHT^lNGLE PRISM. 

Figure 418.-r-V-plate with Stack arid Retaining Prism. 

Squaring the Stacli, (a) Reference Base.— 
After cleaning the stack with ä gasoline- 
moistened cloth, one end is marked with a 
lead pencil to designate the reference base for 
grinding the ?0° angle. 
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(b-)~ Grihdmg the 90° Angle/—In Figure 
419(a), the end of a stack is taken as the 
base A. Face B is ground so that the angle 
between the base A and face B is 90°. Then 
tlie second face C is ground so that the angle 
between the faces B and C is 90°, and the angle 
between the base A and face C is also 90°. 
The angle between faces B and C is called the 
'base angle*. These faces B »nd C are ground 
by hand with abrasives #150 through FFF as 
described above. 

Checking the 90° Angles.—The use of gages 
for measuring angles is described in Chapter 
15. A try square is Used to check the three 90° 
angles shown in Figure 419(a) while grinding 

with the coarser abrasives (#70, #150, and 
#220) but a 90°-angle bar gage should be used 
when grinding with FF and FFF abrasives. 
jGreat care should be taken to avoid forming 
tapered edges. It is not essential to attain an 
accurate angle or flat surface while working on 
the roughing mills, but as the work progresses 
and the finer abrasives are used, the angle 
should be measured accurately with the gage 
and the surface should be flat or slightly con- 
cave. 

Hypotenuses-After grinding the stack 
sides parallel, separating the blanks, and saw- 
ing the diagonal, the hypotenuse is ground as 
described above under Basic Rough Grinding 
Operations (Mo. 6) 

•% 

Figure 4i9;-^Eorro Prism Blanks Made from Slab Glass. 
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Correcting the Hyvotenuse. —=• Next the 
blanks are removed from the V-platej and the 
hypotenuse of each piece is hand corrected, if 
necessary, by grinding it perpendicular to the 
base A as shown in Figure 419(b), and at a 
45° angle with the face B. It is necessary to 
check the hypotenuse with only one face for 
45° because, if one 45° angle is correct and the 
90° angle is correct, the other 45° angle will be 
sufficiently close. 

Groove.^-In one method that is used for 
this operation, the prism blanks are placed in a 
V-blöck and set up under a vertical glass saw 
of the type described in Chapter 3. The correct 
depth and position of the groove is determined 
by comparison with a master prism. The saw 
is then moved over the entire length of the 
work. Other types of grooving machines are 
shown in Figures 420 and 421. 

Shuron Optical Company 

Figure 42i.^Groovirig Pörro Prism Blanks with 
Five Cutters in a Milling Machine. 

proper radius are waxed with stickum to each 
half of the hypotenuse in such a position that 
the over-all length of the prism will be correct 
when its ends have been ground. (See Figure 
422.) 

Preliminary grinding is usually done man^ 
ually, using #150 abrasive for large prism 
blanks and #220 for the smaller types. There 
are several automatic edging machines which 
may be used for finishing this operation.   One 

BEFORE       AFTER 

Another- method for performing this opera- 
tion is to Use a brass pin cutter of the correct 
thickness set in a drill press. A mäster prism 
is used to establish the correct position and 
depth of the cut. The prism blanks are passed 
against the rotating pin while #220 abrasive 
and water are fed to ife 

Ends (Radius) .r---When the ends of a pörro 
prism are to be rounded, the radius may be 
ground entirely by hand.   Metal stocks of the 

Figure 422;—Metal Stocks Waxed: to ä Porro Prism 
Pressing for Rounding the Ends. 

of these, a specially modified ophthalmic ma- 
chine* is shown on Figure 423. In this machine, 
two prism blanks Cone against each jaw of the 
chuck) with their hypotenuse faces in contact 
with each other, are held in each of two chucks 
and rotated against the grinding wheel. The 
prism blanks are brought in contact: with a 
carborundum grinding wheel and each end is 
ground to the correct radius by means of a 
mechanism whose movement is controlled by a 

^.^ 
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suitable template. The blanks are removed 
from the machine and inspected with a go-? 
no-go gage äs described in Chapter 24. If this 
operation is performed after polishing^ a piece 
of lens paper is placed between the hypotenuse 
faces, and the jaws of the chuck are lined with 
scotch tape to prevent scratching the polished 
90° faces. 

CHOCKS 

ft 

Figure 423.—-Grinding the Cylindrical Ends of Pprro 
Prism Blanks with an Ophthalmic Edging Machine; 

Edges.—At the completion of the: final hand 
correction of the pprro prism blanks, all sharp 
edges are beveled. As mentioned above, a bevel 
or chamfer relieves the_:sharp edges of J;he 
prism which might flake and cause scratching 
during polishing. Bevels are usually ground at 
a 45° angle unless specified otherwise. If two 
ground faces meet at an edge to be beveled, the 
bevel is ground slightly larger than specified-to 
allow for the. removal of glass during fine 
grinding and polishing. 

Manual Beveling.—Bevels are ground by 
hand,; usually on.ah 8^-ihch tool with FFF abra- 
sive, except that for large bevels, the grinding 
is started with FF and finished with. FFF 

abrasive. When two previously polished sur-^ 
faces require a bevel at their common edge* 
#303 abrasive is used. 

Machine Beveling.-r—li the beveling is done 
with an abrasive wheel, either an aluminum 
oxide (Figure 424) or a diamoM type (Figure 
425) may be used. 

Abbe Prism 

This prism is made usually from formed 
blanks. For a special method of manufactur- 
ing small abbe prisms, refer to Chapter 14. 

Bottom and Side 90° Faces.—Unlike the 
procedure used in other prisms, hand squaring 
is the initial step in grinding a large abbe 
prism blank. The bottom 90° face is squared 
on a mill using FFF abrasive to form a 90° 
angle with the side 90° face. (See Figure 105.) 

Top.—After squaring, the bottom 90° face 
is mounted on a blocking plate with beeswax. 
Four prism blanks are allowed to overhang the 
edge of the plate to serve as 'markers', and the 
top is ground parallel to the bottom 90° face. 
The plate is heated and the blanks are removed 
and cleaned. 

Side;—The side 90° face is mounted on a 
blocking plate with beeswax, and the side is 
ground parallel to it until the thickness is the 
same as that between the bottom 90° face and 
the top. 

End 45° Face (First Grind).—The 45° an- 
gle is corrected only roughly with #220 abra- 
sive, as it will be subject to final correction 
later. 

End (Bevel).—A fiat surface is ground be- 
tween the end 45° face and the bottom 90° face 
of the- melded -blank- (the rounded-end), using 
an adjustable guiderbär fixture to support the 
work; The guide bar is placed perpendicular 
to the mill so that its base is parallel to the 
mill surface. The bottom 90° face is placed 
against the iron guide strip, the prism blank 
is löwered gently to the mill, and the end is 
ground. This bevel is purposely made wider 
than desired on the finished prism, since the 
end 45° face, and the bottom 90° face will both 
be processed further. 
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Universal CameraCorporation 

Figure 424.—Machine Beveling ä Prism Blank Using an Aluminum Oxide 
Grinding Wheel. 

Diagonal End (Bevel).-^Any right-angle 
prism may be used äs a 'dummy' for ä support 
in thisr operation^ The eiid 45°-face .of 4he 
abbe prism blank, and one of the 90° faces Of 
the dummy are heated and- united with beeswax 
as shown in Figure 426. The bottom 90° face 
of the abbe can then be located perpendicular 
to the blocking plate. This procedure insures 
that both end surfaces will be parallel. 

The combination of the abbe and right-angle 
or dummy prism is mounted on ä blocking plate 
and the overall length is ground. Markers 
cannot be used in this operation, therefore the 
progress of the grinding must be checked by 
^measuring through the block. 

After grinding, the block is heated suffi- 
ciently to melt the wax which is holding the 
abbe-xight-anglg prism combination to the Jplate^ 
but not enough to loosen the combination itself. 

Diagonal 45° Face.^Next the prisih com- 
bination is mounted in a 90°^ahgle plate so 
that the diagonal 45° face is located as shown 
in Figure 427. As the grinding of the diäg^ 
oiial 45° face progresses, the width of the bevel 
at the 45° angle, formed by the diagonal 45° 
face and the side 90° face is measured with a 
micrometer depth gage. To Insure parallelism 
during the operation, the four markers (prism 
combinations spaced equally around the edge) 
are measured through the block with ä mieröm- 

TWC^T. -. ~v-n^w-.,i32xrg -^JIBSEE^ 
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Figure 425.—Mächine Beveling a Prism Blank Using ä Sintered Diamond Wheel. 
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BOTTOM. 
90* FACE TOP 

r—PORRO PRISM 

Figure 426.—Abbe Prism Blank Combined with a 
Eight-angle Prism. 

eter. The first correct overall 'through-the- 
block' measurement obtained is used as a ref- 
erence for each successive block of work, i.e., 
it is not necessary to check the width of the 
bevel c \*ce this reference measureni nt on the 
first block of prisms has been established. At 
the completion of grinding the diagonal 45° 
face, each prism combination is removed from 
the block and the dummy is separated from the 
abbe. 

End 45° Face (Second Grind)i—^-The proc- 
essing of the end 45° face is identical with that 
for the diagonal 459 face. 

Corners.—one corner of the prism blank is 
formed at the intersection of the bottom 90° 

CORNER 

DIAGONAL 45° FACE 

TOP 
END 45«? FACE 

iRRO PRISM 

face, the side 90° face, and the diagonal 45° 
face by removing the volume of glass as shown 
at A, B, and C in Figure 428. This corner is 
ground parallel to the end 45 p face, the length 
of AC or CB being 14 inch. Length CD 
(= 0.707 x 0.25 inch) is subtracted from the 
overall length CE to determine the dimension 
DE, to which all four corners of the block are 
then ground. 

Finally the blank is mounted in a 90 "wangle 
plate so that the bottom 90° face rests against 
one face of the V-plate and the side 90° face 
is perpendicular to both channel faces. The 
second corner is then removed as in the pre^ 

BOTTOM 
90° FACE        ^-H 

\ [ 

45<»FACE 

Figure 428.. 

TOP 

-Abbe Prism Blank with One Corner 
Ground Off. 

ceding operation and as illustrated in Figure 
429. 

End (Radius).—If the radius of the blank 
is not specified on the drawing,, it is assumed 
•to be a semicircle. This operation is performed 
by attaching brass 'stocks', whose diameter is 
equal to the minimum thickness of the prism 

TOP      END 
 -45»FACE'- 

BOTtOM 
90°FACE 

»_ 

Figure 427.-r-Abbe Prism Blank with Dummy Eight* 
angle Prism Mounted in a V-plate for Grinding 

Diagonal 45° Face. 
Figure 429.—Abbe Prism Blank Mounted in ä V-pläte 

for Grinding Second Corner. 
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to the bottom 90° face with beeswax so that 
the edge of the stock coincides with the 'flat' 
of the end bevel. The excess glass is then re- 
moved on. the mills with #220, FF, and finally 
FFF abrasives. The cylindrical end surface 
formed by grinding the radius should be per- 
pendicular to the bottom 90° face. The stocks 
are then heated and removed. 

Correcting the Angles. -^ FFF abrasive is 
used to correct the angles. The bottom 90 ° face 
is ground perpendicular to the side 90° face. 
Then, using the side 90° face as a starting 
point, the diagonal 45° face is corrected to ä 
45° angle. Still using the side 90° face the 
diagonal 45° face is made perpendicular to the 
bottom 90° face. Using the "bottom 90° face 
as a, reference, the end 45° face is corrected to 
a 45° angle. Then the end 45° face is cor- 
rected to a right angle with the side 90° face. 

Edges.—All sharp edges are beveled tö the 
specified width except the two 135° angles 
formed between the end 45° face and the top, 
and the diagonal 45° face and the side. 

Amici Roof Prism 

For designation of surfaces and angles on 
an amici roof prism, refer to Chapter 1, Fig- 
ure 108: The roof angle must be 90° within 
two seconds of arc since a greater error would 
cause the image to be doubled when the prism 
is used with magnification. Figure 430 illus- 
trates some of the errors Of angle in processing 
an amici prism; The tolerances due to these 
errors offen depend On whether they occur 
singly or in combination. 

The pieces are processed in the same man- 
ner as other rigln>angle (e<g., porro, and right- 
angle reflecting) prdsms? up~i» and including 
the operation of squaring the stack. 

Ends.—Stacks of prisih blanks are mounted 
on a blocking plate and the ends are ground to 
proper size. 

Roof Faces.-*—Next they are removed from 
the blocking plate, separated, and then mounted 
in a 90o-^angle plateas shown in Figure 4SI (a), 
and the first roof faces of the prism blanks 
ground. A sample through-therblöck calcula- 
tion to check the progress of the grinding is 

shown in Figure 431 (b). The blanks are re- 
moved from the blocks, cleaned, and remounted 
for grinding the second roof faces. 

Edges.—The next step is to bevel all the 
edges with FFF abrasive except the röof edge 
and the two i35°-angle edges which are 
formed by the roof faces and the sides, It is 
not necessary to bevel the edge formed by the 
90° base angle since it is ground off later to 
form the 'top'. The prism blanks are ready 
now for hand correction. 

Correcting the Angles.-^ Four 60° angles 
are formed bj*- the two roof faces with the 
adjacent 9Q° faces. Using a 60°-angle bar 
gage for checking,, each roof face is hand cor- 
rected with #303 abrasive with the adjacent 
90° faces. These four 60° angles must be cor- 
rect because it is essential that the roof edge 
be parallel to both the top and the 135 Wangle 
edges. 

The 90° angle of the roof is then corrected, 
remembering that the edge formed by the two 
roof faces must be sharp and unbroken. The 
various operations are the same as described in 
Chapter 15 for correcting 60° and 90° angles. 
Skill in the use Of gages during grinding is of 
great importance if the final hand correction 
(after polishing) is to be satisfactory. 

Top.—To form the top, the prism blanks 
are mounted with beeswax^ roof faces down, 
in a 90p V-plate. The measurement for height 
is made through the block. When the correct 
height has been reached the blanks are re- 
moved, cleaned', and the top edges are beveled. 
They are now ready for fine grinding and pol- 
ishing as described in Chapters 11 and 15. 

.Leman:JP;dsm.- 

A lemän prism is another type of roof prism 
Which has been described in Chapter 1 (see 
Figure 109). 

Sides (First Grind).—The sides of rectal 
gular pieces of glass of approximately the fin- 
ished size are ground parallel, as shown in 
Figure 432(a), arid such that the distance is 
0.100 inch greater than the finished thickness. 
This allowance will be required when the roof 
is centered in a later operation. 

f^scKsaSSS6»?^ 
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Drawing by Russell W*. Porter 

Figure 430.-^Änguiar Errors in Processing Amici Prisms. 
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(a) 

FINISHED      120 
j£— THICKNESS 

PLUS 0.100 INCH 
(b) 

END 

ROOF FACES 

(C) (d) 

Figure 432.---Steps in Grinding a Leman Prisni from Slab- Glass. 

-*JS 

SAW CUTS 

(e) 
NEND 

CYLINDRICAL 
SURFACE 

(f) 

« jTWIMlWn 
"•TV iwp •    "«"KW 



425 

Top Pace arid Ehd.^—After stacking the 
sides of four pieces together, one exposed side 
is chosen as a reference surface and marked 
with a lead pencil. Two surfaces of the stack 
which are adjacent to each other are then 
ground by hand until they are square with the 
reference surface (side) and with each other; 
The larger of these stack surfaces is the top 
face, and the smaller is the end of the priäm 
as shown in Figure 432 (a) * 

Bottom Face.—After squaring, the top faces 
in the stack are mounted on a blocking plate 
and the bottom faces are ground parallel and 
at the required separation; 

Angle Face.—The stacks are then mounted 
on a 30-60-90 °-angle plate with the top face 
against the 60—angle side of the fixture and 
the angle face is ground until it makes 60° 
with the top face. The resulting surfaces and 
the position of the blanks in these fixtures are 
shown in Figures 432(b) and 432(a) respec- 
tively. 

Roof Faces,—/The stacks are blocked in a 
120°-ahgle plate and the surface shown by the 
shaded plane in Figure 432 (c) is ground. 
When this grinding has been completed, the 
stacks are heated and the pieces separated. 
It should be noted, however, that this last 
grinding operation may be omitted and the 
work can proceed directly to grinding the roof 
faces. 

The method of grinding the roof angle oh a 
leman is similar to that used for the ami'ci roof 
prism. Both are mounted against inserts in a 
90 Wangle plate for the grinding operation. In 
the case of the leman the inserts are cut to a 
120° angle rather than the 90° angle used for 
the amiei. 

Eaeh '"rism.' -blank is «held In an insert with 
beeswax, and the first roof face as shown in 
Figures 432(d) and 433(b) is ground. 

Then the blanks are removed and rebiocked 
with the end, Figure 432 (c), facing in the op- 
posite direction, when the second roof face, 
Figure 432(d), is ground. 

First Side (Second Gririd^-^-After the 
prism faces have been polished completely and 
the roof faces hand corrected, it is necessary 
to remove the extra 0.100 inch of thickness 

and, at the same time center the roof, that is, 
remove the extra thickness in such a way that 
the two roof faces will, be of equal width after 
the operation has been completed. In prepar- 
ing to do this, the width of each roof face is 
measured with ä micrometer from the 135° 
angle edge of each roof face to the sharp roof 
edge, (See Figures 434 and 435.) Next, twice 
the amount that the roof edge is off center is 
determined by multiplying the difference be- 
tween the widths of each roof face of a prism 
by 0.707. Then the amount that must be 
ground from the side that is adjacent to the 
wider of the two roof faces is equal to the 
amount that the roof edge is off center (half 
of the amount just obtained) plus 0.050 inch. 
It will be seen from this calculation that if the 
roof edge is already centered accurately,, it will 
be necessary to grind 0.050 inch from each 
side in order to bring the prism to the proper 
thickness. 

After the amount that must be ground from 
the first side (the side adjacent to the wider 
./oof face) has been determined, the prisms are 
mounted on the blocking plate with the side 
adjacent to the narrower roof face of each 
prism placed in contact with the plate. In 
locating the prisms on the blocking plate, they 
are graded from the outer edge of the plate to 
its center according to the amount of glass to 
be removed during this grind; the prisms re- 
quiring the removal of most glass being placed 
äs the outer edges. Four of these prisms are 
placed so as to overhang the edge of the block- 
ing plate and serve as markers. 

All polished faces are given a protective 
coating before grinding. As each prism is 
ground the proper amount, as determined by 
measuring the markers, it is removed from the 
block. If the prisms have been arranged';pröp- 
erly5 those that remain at any time will be 
outermost on the plate and thus will keep the 
block balanced. 

Second Side (Second Grind).—To grind the 
second side the prisms are reversed arid re- 
mounted on the block with the thicker ones 
outermost. All prisms are then ground to the 
finished thickness simultaneously. FFF abra- 
sive is used to grind each side to the filial 
dimension* 
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Figure 434.—Angles on a Lemari Prism. 

Cylindrical Surface.—A small 120° V-block 
is used to hold the prisms when cutting and 
grinding the cylindrical surface. The block 
channel is lined with tissue paper to keep the 
polished surfaces from being scratched and a 
stack consisting of 8 or 9 prisms waxed to- 
gether, with a leman prism, already grooved, 
added at each end to serve as a retainer, is 
mounted in the channel using beeswax as the 
adhesive. Using the two grooved lemans as 
guides, a mechanical saw (see Chapter 3) is 
used to make a series of cuts iri the glass, Fig- 
ure 432(e), and the glass is chipped out by 
wedging a steel scale between the saw cuts. 
Still using the prisms at each end as guides, 
the cylindrical surface is finished with FFF 
abrasive on a lathe with a round steel bar of 
the same radius as the groove (see Figures 
432(f) and 436). 

Figure 436.—Grinding the Cylindrical Surface on 
Leman Prisms. 

The prisms are removed, separated, and 
cleaned; then each is checked with a profile 
gage as shown in Figure 437. If a prism does 
not fit the gagej the projecting area is marked 
with a pencil and the excess glass is removed 
by hand with FFF abrasive on the same rotat- 
ing steel bar. 

Cylindrical Edge.—The sharp edges of the 
cylindrical surface oh each prism are beveled 
individually using the same steel bar fixture 
with FFF abrasive. Great care must be taken 
to bevel only a very small area on the polished 
surface. 

Figure 435.—Measuring the Width of a Leriiän Roof 
Face with ä Micrometer. 

Figure 437 .—Testing the Cylindrical Surface of a 
Leman Prism with a Profile Gage. 
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Dove Prism 

Inclined Faces and Hypotenuse.^-The three 
faces of a stack of dove prisms are processed 
in the same manner as a porrp prism. Then 
the prisms are tested for definition and angular 
errors and any error is corrected by regrihding 
at least one of the faces. This should be done 
before the top of the stack is ground. When 
slab glass is used, the apex of the 90° angle is 
iiot beveled because it is used as ä reference 
point for measuring the distance from each end 
of the apex to $ie hypotenuse with a microm- 
eter. These distances, when compared with 
each other, should not vary more thatt 0.0005 
inch in order,to insure pyramidal accuracy; 

Correcting the Pyramidal Angle? — While 
still stacked the prism blanks are blocked, fine 
ground and polished, and then checked for py- 

; ramidal error. For this check see Chapter 24. 
The correct pyramidal angle of right-angle 
prisms may be obtained even though the two 
90° faces are not perpendicular to the base 
side, since an error, of side angles can be neu- 
tralized when the hypotenuse is ground. 

The algebraic sum of the errors of all three 
angles referred to the reference side equals the 
pyramidal error. .For example* if the errors 
of the adjacent 90° faces are + 3 and — 1 with 
the reference side, and if the error of the 
hypotenuse is —. 2, then,the algebraic sum of 
these three is zero. If, however, the error of 
one of the adjacent 90° faces is ± 9 instead of 
4- „3, the algebraic sum of these three faces 
would be + 6 which would be the pyramidal 

- error.^ The prisms may be placed in a 90°-? 
angle plate for correction, or the work may be 
done individually by hand. In either case ä 
fine abrasive is used. 

and the groove, illustrated in Figure 112, is 
ground into the top by either of two methods. 

In the* first method, a grooving tool is held 
in an ordinary drill press, andl the height of 
the tool from the surface of the drill-press 
table is adjusted so that the groove cut into the 
prism will be centered properly as shown iit 
Figure 438. The prism is placed on its side 
with its top toward the tooL While #220 
abrasive is applied to the tool, the prism is 
held firmly and brought into contact with the 
tool slowly, by hand. As the correct depth is 
approached, the groove is finished with FF 
abrasive^ 

The second method which uses a machine 
Similar to that shown in Figure 439, is coii^ 
venient for mass production. It is equipped 
with diamond-impregnated brass grooving tools 
mounted oh a horizontal drive shaft. The 
prisms are held in fixtures and lowered over 
these tools. 

Corners.^-Iii one method for grinding the 
corners, the sides of the prisms are mounted 
with beeswax on a glass strip in a straight line, 
using either a straightedge or a line scribed on 
a table as a guide (see Figure 440). FFF ab- 
rasive is used in grinding each of the four 
corners to a 45° angle on a mill. In this way 
all four corners of a group of dove prisms may 
be ground with 'only one mounting operation. 
It is thus considerably quicker than other meth- 
ods, but requires considerably more skill on the 
part of the operator. 

Another method is to grind the corners with 
a carborundum or a diamond wheel using a 
fixture äs illustrated in Figure 411. 

Penta Prism 

masking tape and the tops are removed either 
by grinding or sawing. In the iatfer method, 
which is the faster, the prism is cut so that it 
is 0.050 inch over the iimshed dimension fe _ 
either case it is finished by grindingwith prc^ 
gressiveiy finer sizes of abrasives: When this 
operation has been finished6 the stacks are taken 
apart arid the prisms are" cleaned. ' 

* Groove,—The prism faces are again pro- 
tected 'by covering them with masking tape, 

sides ana yir Faces.—if slabs of glass are 
used in the manufacture of penta prisms, in- 
stead of pressed blanks, the only extra oper- 
ation necessary is the sawing of the slab, 
otherwise, the first operations are to grind the 
sides parallel, and then to stack and square. 

End.—After squaring, the 90° faces are 
mounted in contact with the channel surfaces of 
a 90°-angie plate, as shown in Figure 442(a). 
The end is ground parallel to the base of the 
plate and to the proper depth. \Jt 
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Figure 439.T--Machine for Grinding the Grooves in Eight Dove Trisms- at Once. 

Z. GUIDE LINE 

A / / A / A /PR 
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N 
GLASS STRIP 

-GRIND OFF CORNERS 

Figure 440.—Dove Prisms Mounted on a Glass Strip 
for Grinding Corners on a Mill. 

Silvered Faces.-^-After removing the stacks 
from the 90o-angle plate, they are then mounted 
in the special pentä prism angle plate shown 
in Figure 442 (b). When mounting the prism 
blanks iii this special plate, it is tilted so that 
the prisms will be held by gravity in the plate 

and will not move out of position until the wax 
is cool and firm. The block is ground until the 
first silvered face reaches the required length, 
and a through-the-block measurement is taken 
to this face which is then used for subsequent 
blocks. The angle formed in this operation is 

~ TX2" "3u'.~ "xNexirtiie "staCKs "are^Temouiited •and'— 
the second silvered faces are ground in a sim- 
ilar manner. 

Critical Angle. ^~ The relation of all the 
angles of the finished prism to the reference 
surface (base slab) is shown in Figure Ü3. 
From this, figure it will be seen that the 90° 
faces are at right angles to each other and to 
the base side. Each 90° fac is at 112° 30' 
with its adjacent silvered face, and these sil- 
vered faces are also at right angles with the 
base side. Since the second side is parallel to 
the first (base) side, the 90° faces and silvered 
faces must all be at right angles with both 
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Figure 441.—Grinding Corners on Dove Prisms. 
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Figure 442.—Positions of a Squared Stack in Angle Plates for Grinding Ends 
and Silvered Faces of Penta Prisms. 

sides. The 45° angle formed by the continua- 
tion, of the silvered faces is the most critical 
angle. 

Correcting the Critical Angle,—After com- 
pleting the foregoing operations, the 45° crit- 
ical angle is correct theoretically; however, a 
slight error in this angle may have been intro- 
duced as a result of workmanship, the gage, or 
the fixture used. If a small error does exist in 
one of the 112° 30' angles, the prism can be 
kept in balance by splitting the error between 
the two 112° 30' angles. When the hand co*- 
rection of the 90° angle is complete^ all the 
sharp edges and corners are beveled. 

Ocular Prism (Height Finder Ml) 

The surfaces and angles of a 'left' ocular 
for an ml Height Finder are showxn. in Figure 
114. The operations described below are the 
same for both 'left' and 'right' ocular prisms 
except for the final step when the 45° angle is 
ground. The position of the prfsm blank in 
a special left and right V-plate determines 
whether the blank is to become ä left or a right 
ocular prism. 

90° Face, Top, End, and Slanting Face.— 
After the 90° face and top of each oblong piece 
have been ground parallel and to thickness, the 

pieces are then stacked and squared. At the 
completion of this squaring, the end and slant- 
ing face of each piece will have been ground. 

End Surface.—-The ends of the stacks are 
mounted on a blocking plate and the opposite 
surfaces (end surfaces) are ground parallel 
and until the stacks are the proper height. 

Side.—The stacks are mounted in a special 
80 "-angle plate with the ends ih contact with 
the 80° surfaces of the angle plate, as shown 
in Figure 443. The distance to the intersection 
of the end with the slanting face should be 
calculated before grinding the 80° angle (side). 

SI DE 
END 

-eS^SURFÄGE 

END SLANTING FACE 

Figure 443.—^Height Finder Ml Ocular Mounted in 
Angle Plate for Grinding the Side.. 
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Silvered Face.-r-After grinding the side, 
the slanting face and end surface are butted 
down with beeswax into a V-plate as shown in 
Figure 444, and the silvered face of the prism 
blank is ground. The blanks in each corner of 
the V-plate extend over the edge in order to 
permit the measurement of their ends. This 
establishes the thickness through-the-block to 
which other blocks Of similar work are ground. 

^E\r-~ SILVERED FACE 

*    FACE 

SLANTING/ 
FACE 

XEND 
SURFACE 

Figure 444.—Height Finder Ml Ocular Mounted in 
" V-plate for (»rinding the Silvered Face. 

Correcting the Angles^^-Ths blanks are re- 
moved from the plate, cleaned and the silvered 
face is hand corrected to a 40° angle with the 
slanting face, on a small 8--ineh milL Next the 
80° face is made perpendicular to the slanting 
face and the silvered face is made perpendic- 
ular to the 90° face as shown in Figure 114. 

45° Face.—The 90° faces and ends of prism 
blanks are next mounted in the special angle 
plate shown in Figure 445. This plate contains 
inserts which permit the blanks to be mounted 
in two positions so as to grind the 45° face, 
which differentiates between left and right 
ocular prisms. Grinding is continued until the 
precise length is obtained. 

Correcting the 45° Angle.-±. The 45° face 
has to form both a 45° angle with the 9Q° face 
and also an angle of 97° 6' with the slanting 
face. A protractor is used to establish the 
97° 6' angle on the first blank, an adjustable 
bar gage is then set on these faces and used 
for the remainder of the lot. 

RIGHT 

METAL 
INSERT 

w •- • -      A k K     A- -o«w nf MffM Fmder Ml Oculars Mounted iii Position on an. Angle Plate 
Flgure ^-%^||»^t•cesll Make One Left and One Right Prism.: 
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Ocular "A" Prisni (tan Range Finder M1916) 
Si^es, Bottom Face, Top, and End.—As 

with most prism types, the preliminary steps of 
grinding parallel sides, stacking, and squaring 
also apply to these prisms and are carried out 
in accordance with the particular dimensions 
specified. 

45° Face.^~The stacks are removed from, 
the blocking plate and then heated on a metal 
table until the wax holding the pieces together 
is soft enough to permit the individual pieces of 
glass to slide on each other. At this point the 
glass stacks are ready for 'staggering'. The 
prepared stack is placed in stspacial glass stag- 
gering fixture with the base end of the stack 
pressed against the end of the glass corner* 
Figure 446. The angle, Y, of the staggering 
fixture is obtained from the following formula: 

... 

STAGGERING FIXTURE 

CM\\\v 

Figure 446.—Staggering a Stack of Ocular "A" Prism 
Blanks in. a Glass Fixture. 

45° FACE 

\ 
BOTTOM 

FACE 

SIDE 
FACE 

Y .== arc -cot 
cot B (5) 
sin A 

where     A = the acute angle between the 
bottom face and the inclined 
(usually 45°) face; 

B = the angle betweentheside and 
the inclined (45°) face. 

In the ocular "A" prism (see Figure 447), 
angle A is equal to 45° and B is 86° 28'; from 
this, the angle of the staggering fixture is: 

„ , cot B ... cot 86° 28' Y = arc cot   .     . = arc cot- 

==arc cot 

sin A 
6;06175 
0J7Q711 

sin 45° 

arc cot 0.08732^ 
  QCo.   t\r   ocr/ 
-— OÜ        V      w 

After cooling, the stacks are removed from 
the staggering fixture and mounted in a 90°- 
angle plate in such a fashion that, to an ob- 
server looking in the direction indicated by the 
arrow from the eye in Figure 447, the stacks 
will be canted to the right. If, by error, the 
stacks .are so placed that they appear canted 
to the left, the blanks would be ground with an 
angle of 93° 32' rather than the desired 86° 28'. 

After the stacks have been mounted cor- 
rectly in the V-plate a through-the-block meas- 
urement is obtained. Then the 45° face is 
ground to the specified dimension, and at the 
same time parallel to the base of the V-plate. 
Next the block is heated enough to melt the 
wax holding the stacks in the V-plate but not 
enough to cause any shifting within the stacks 
themselves, 

45° FACE 

-•r--—i—— -r~.—i, 
 rv_       ]~~-   \—~ 

.        -frf—•--f—4-- 
I        'SOTfoM ifctOE I 

86° 28' 

1 ' I I 
i j~-«..}-- -J-- -h—-! 
i.       i        I        i        i 

1        I        i        -f        I" SIDE 

V 

FRONT VIEW SIDE   VIEW 

Figure 447.—A Staggered Stack of Ocular "A" Prism Blanks. Mounted in a V-plate for Grinding the 45° Face; 

*$ &..£ Vf^SP'^Si^^'' •#*-** *** 

•-%>'•: 



Correcting the U5? Awgle.-^-The stacks are 
removed and the 45° angle on each stack is 
hand corrected with FFF abrasive, iDuriiig 
the hand correction, the bottom face is- made 
perpendicular to the side and at the same time 
the 86° 28' angle is corrected using a pro- 
tractor, 

25° Face.—After correcting the 86° 28' and 
the 45° angles the prism blanks are separated 
and cleaned. The individual Wanks are then 
mounted on a special 25°-angle plate with 
beeswax, the correct position being shown in 
Figure 448. The correct dimension for the 
through-the-block height of the 259 face will 
be attained when the proper width of this face 
is reached. 

Correcting the 25° Angle. — The plate is 
heated, the prism blanks removed and cleaned, 
and the 25° angle corrected with FFF abrasive. 
As shown in Figure 115, the bottom face is< 
made perpendicular to the 25° face and the 
25° face is corrected to 25° with the side face. 

BOTTOM 
FACE 

435 

SIDE 

45" FACE 

Figure 448.-^—Ocular "A" Prism Blanks, Mounted in 
ä V-plate for Grinding the 25° Faces. 
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Pläne surfaces may be ground mechanic 
cally with, far greater speed and economy than 
can. be obtained by using the manual methods 
described previously. The machines used for 
this purpose are usually standard models of 
metal-surfacing machines with minor refine- 
ments. However, some special machines de- 
signed fqr semiautomatic quantity production 
have been used successfully. 

The majority of ordinary grinding machines 
may be used for three types of grinding— 
'hogging', rough grinding and fine grinding-^ 
by varying the grade of grinding wheel used. 
In certain cases, it has been possible to pass 
from machine grinding directly to polishing. 
These machines are usually arranged, so that 
the work is mounted with wax oii metal plates 
or fixtures which, in turn, are held by a mag- 
netic chuck. An abrasive wheel, rotating at 
high speed, removes the glass at a rate four to 
twenty times greater than that obtained by the 
mi 11s described in Chapter 4. 

Any desired angle between prism or wedge 
surfaces may be obtained with a degree of ac- 
curacy dependent only oil the care exercised in 
mounting and the accuracy of the fixture used.* 
The basic fixtures are almost identical with 
those described in Chapter, 4. Extensive use is 
iriade of fixtures by means of which two or 
more surfaces on a prism may be ground with 
a single wax-mounting operation the fixture 
being repositiohed on the magnetic chuck after 
each prism face is ground. 
 Asin„grindingjmetals._,SQme type of coolant 

suitably diluted is necessary. 
This type of grinding is not confined to 

prisms. Any flat work—glass slabs, filters* 
windows, wedges or reticles—may be ground 
to size economically, and lens blocks are often 
sized and 'spotted' as a preliminary operation 
to radius grinding. 

Many makes arid models of surface grinders 
have been used successfully in optical shops. 

This chapter describes in detail the operation 
of a Blanchard No. 11 Vertical Machine, and 
discusses coolants, abrasive wheels, dressings, 
speeds and feeds which apply to other makes 
as well. 

While this chapter is devoted primarily 
to discussing the fundamental principles and 
practices associated with ordinary mechanical 
grinding machines, several of the many special- 
purpose machines that have been used for per- 
forming various particular grinding operations 
are also described. 

TYPES OF SURFACE GRINDERS 

Surface grinding machines used in optical 
3hops fall into four classes. The principle of 
operation of each of these types is illustrated 
in Figure 501. In addition, curve generating 
machines (Chapter 8) may be used to grind 
piano surfaces. 

(a) Horizontal-spindle Reciprocating-table 
Surface Grinder.-^-An example of this type is 
the converted milling machine shown in Fig- 
ure 502. The milling cutter has been replaced 
with a diamond charged wheel which both ro- 
tates and oscillates, while the work is passing 
underneath it. The wheel rotates at 2100 rpm 
and oscillates 180 times each minute. The table 
travels 22 inches in 6 minutes. 

(b) Horizontal-spindle Rotating-table Sur- 
face Grinder.—The Arter Model B Rotary 
Horizontal Grinder shown in Figure 503 is 
equipped with a round magnetic chuck which 

may be from 20 to 40 inches in diameter. The 

Ii'ead oscillates* moving the wheel across the 

work. The grinding is done on the periphery 

of the wheel. The speed of the automatic feed* 

which moves the table upward, may be varied. 

Both the table and the head are operated hy- 

draülically. The wheel rotates at 950 rpih, 

while the table ßpeed is 420 rpm. 
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Figure -501;—Surf ace Grinding Machine types. 
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Eastman Kodak Company j 
Figure 502,—Horizontalrspindle Reciprocäting-table Surface Grinder Grinding the 90° Faces of Porro Prisms, 

(c)   Vertical-spindle  Reciprocäting-table 
Surface Grinder.-r—The Norton Vertical Spin- 

"dle-Su-rf-aee-Giandgr^showji-in. JE,igBEg...,§04Ljs_ fixtu 
equipped with automatic feed giving a down- ~£u~ 
ward spindle motion of 0.002 inch per oscular 
tion of the table. The normal table oscillation 
is 6 per minute with the wheel rotating at 
350Ö rpm. The grinder may be fitted with a 
magnetic chuck, 6 x 18 inches and it Will take 
ä diamond-charged grinding wheel 6 inches in 
diameteri 

(d) Vertical-spindle Rotating-table Sui> 
face Grinder.—The Blänchard No. 11 Rotary 
Surface Grinder (Figure 505) is typical of the 
•vertical spindle rotary machines which are in 
mojt common- use in optical shops.   While the 

detailed description which follows relates to 
this particular machine, the coolants, tools, and 
fixtures described may be used with any of the 
other types of MrfäWgrindefsr^ 

VERTICAL-SPINDLE ROTATING-TABLE 
SURFACE GRINDER 

Operation.—Pieces of glass are mounted, 
with wax on a blocking plate as. described in 
Chapter 4. In hot weather higher melting 
point waxes or combinations are . used for 
mounting. Stickum is used on surfaces which 
are not ground, while softer waxesr—such as 
beeswax, paraffin, or an amorphous petroleum 
wax with a melting point of about 165° F.—• 
are used on ground surfaces. 

,-.ä3W-- 
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Arter Grinding Machine Company 

Figure 503.—Horizontal-spindle Kotating-tabie .Surface Grinder..  
(After Model B,) 

*-/-•- 
*fr-r*;^ 



-M8-- .__...__,£__.._., 

~J f 

.3 '• 

•SPINDLE 

\DI/üMOND-CHARGED GRIHDINS ÜHEBL  (INSIDE HOPD) ^I'ASOTffilC CHOCK • 

Research Enterprises.Limited 

Figure 504.—Vertical-spindle Keciprocatingrtable Surface Grinder.    (Norton) 

U 

After cleaning the contacting surface thor- 
oughly with a solvent, the blocking plate is 
"placed in a central position on the magnetic 

—shuck.- -(See-Figure- 506=.)- ^With -the4>lne-kJiGld - 
firmly by throwing the chuck switch and with 
the grinding wheel high enough to clear the 
work, the table is moved until the center of the 
chuck is under the face of the cylindrical grind- 
ing wheeL The table is kicked in this position 
for continuous rotation, and the spläshguards 
are closed. First the grinding wheel is started, 
then the chuck, and then the coolant valves are 
opened. The head is fed down by hand or 
power until the work is ground to size. 

Grinding to size can be controlled in any 
one of three ways: 

1. By setting the aütomatic-feed stop as 
.jdeterjnined„frj3in_a„prjeyJQUs_run L__-  

2. By using the Blanchard caliper attach- 
ment. 

3. By grinding down to ä coppered or 
painted size block. 

All grinding is done with a rotary motion, 
the glass being removed by ä rapid succession 
of shallow cuts over the entire surface of the 
work. If fine finish and extremely accurate 
fiat surfaces are required, the feed of the 
grinding wheel should be reduced to Ö;0Ö4 inch 
per minute for the last few thousandths. When 

.-8E3».3gS.,-r 

", JÜÄ"'^ *W:%F ",J. 
_ ^m»i»^mm^jms^mMimm^wmm^^mm'j&m^sm*^rms^mm^^^iä«^:^i^-^. "I^pgtgä^&aE3BaWi>aW5agWtfwr^W«>WW»'3«»BC°"?t^iBH»g!^SS8BBaa^ 



509 

WHEEL DRESSER AIR INLET 

WHEEL HEAD 

15 HP 
INDUCTION MOTOR 

CÖOLANT 
VAfeVES 

FRONT AIR OUTLET 

FEED CONTROL 

HEAVY WELDED  SPLASH  GUAROS 

ONE PIECE 
STEEL 

MAGNETIC CHUCK 

AMMETER 

POWER TRAVERSE 
OF HEAD 

FEED OVAL ' TURN   •  .050' 

FEED VARIATOR 

FEED WHEEL 
- TUR^i   -   0» 

CHUCK ROTATION 
CONTROL 

WHEEL CONTROL 

PJMP LjNfRul 

CHUCK SPEED 
CONTROL 

CHUCK SPEED BOX 

CHU '    ~-,'.--T-  - 

The Blanchard Machine Company 

Figure 505.-^Vertieal-spindle Kötating-table Surface Grinder. 
(Bianchard No. 11) 
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Anchor OpticätVorp&raiton 

Figure 508.—Pprro Prism Blanks Mounted on Surface Grinder for Bough Grinding 
Second Side to Thickness. 

(Official U.S.' Navy Photograph) 

the desired size is reached, the grinding head 
is raised slowly for about 0.002 inch, and then 
quickly by hand or power. The grinding wheel 
is shut off, the table undamped and moved back 
to the loading position. The chuck switch then 
is operated to neutralize the residual magnet- 
ism and allow the plate to be removed easily. 

The horizontal traverse of the chuck is not 
used in grinding. It is used only to move the 
chucks between the loading arid grinding posi- 
tions as shown in Figure 50*7. 

Description 

Grinding Wheel.-r-The abrasive grinding 
wheel used on the Blanchard is a hollow cylin- 
der cutting on one end. (See Figure 508.) 
Silicon-carbide wheels are set with sulphur in 
an adapter which is fastened to the faceplate 
on the spihdlie. When the wheels are worn 
down to the adapter, the stub can be removed 
and ä hew wheel mounted.   For convenience, 

the Blanchard 'wheel mounter'  (Figure 509) 
hiay be used* 

Wheel Dresser for Silicon-carbide Wheels. 
—As long as the wheel wears normally it will 
remain sharp. When natural wear is not suffi- 
cient, the silicon-carbide wheel may be sharp- 
ened5 quickly by use of the dresser which is 
built into the machine* 

The actual dressing is done by a group of 
toothed -steel sutter-s-on- -an—a-r-m-at- -t-he—bottom^— 
of a vertical bronze shaft mounted in the wheel 
head; It is operated; by a handle that swings 
the cutters across the wheel surface. Microm- 
eter adjustment for height is secured by a hand 
nut just above the operating handle. 

The manufacturer's instructions should be 
followed when dressing diamond wheels. 

Feed.—The wheel head is supported on a 
heavy feed screw mounted in ball bearings in 
the column and geared to a large dial gradu- 
ated tö ÖiÖ005 inch oh the feed gear box (see 

•sr-r-Ja*^1'"    i'V 'v'y. 
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LOADING 

CHUCK 
POSITIONS ,WHEEL 

SPLASH GUARDS CALIPER WHEEL DRESSER 
The Blanchard Machine Company 

Figure 507.—Plan View Showing Chuck Positions for Loading and Grinding 
Using Blanchard No. 11 Vertical Surface Grinder. 

Figure 51Ö). One revolution of the dial indi- 
cates 0.050 inch feed of the wheel head. This 
dial carries a 'feed trip' and is arranged to 
unlock easily from its shaft for setting the zero 
point and trip. 
 ml__    ü J-.J!_^..J. —-1 1   ^_   J?i.Ai.4-   ~-C   i.U!„    Al^.1- riie   iutiiu-xeeu   vyiicci   m   ixuuy- ui   mio   uicw 
makes one turn for each 0.250 inch feed of the 
wheel head. 

The power feed may be varied frqm 0i004 to 
0.070 inch per minute; It is engaged by pulling 
the feed control lever down to a horizontal 
position. It is disengaged either manually, by 
pushing the lever upward, or automatically, by 
the feed trip oh the dial. Push buttons dir 
rectly over the dial operate a motor for quickly 
raising or lowering the wheel head.   The feed-- 

control leVer is interlocked so that this rapid 
motion cannot be used when the feed is en- 
gaged. 

Directly over the feed gear-box is an am- 
meter which shows the power being used by 

This is a Useful guide for deter- tne wneei. 
mining the rate of feed, also when dressing 
the wheel. 

Work Table.—The glass is mounted on a 
steel or cast-iron fixture which in turn is held 
on a rotary magnetic chuck set in a table body 
with a sliding base which can be moved hori- 
zontallyi In certain cases the ;glass may be 
placed directly oh the chuck, with steel pieces 
around it to hold the glass in place. 

^P-a^t': ~* f.^tir». 
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The Blanchard Machine Company 

Figure 508.—Silicon-carbide Hollow-cylinder Grinding Wheel. 

The sliding motion is used only for moving 
the table between, the loading and the grinding 
position. By means of a hand wheel the table 
body is moved along the base to bring the cen- 
ter of the chuck just under the near edge of 
the wheel., (See Figure 507.) In that position 
the chuck is rotated by power in one direction 
continuously and the wheel head is fed down- 
ward gradually. The position of the chuck is 
not changed during the grinding operation. 
When the desired amount of glass has been 
-remöveurthe cnuclosTnWea^faf of the wheel 
after the head is raised, and the work is then 
removed. 

Since the chuck can be rotated while in any 
position, the machine can be used to grind a 
piece with a central projection or several small 
pieces laid radially with inner projections above 
the surface to be ground. 

Magnetic Chtick.^The magnetic chuck is 
16 inches in diameter and is made from a solid 

disk of forged steel with narrow brass rings 
spaced concentrically % ^ich apart in the 
Working face. Leakage is impossible since no 
joints are exposed to* the coolant. 

Caliper Attachment,^—The thickness of the 
work mounted on the chuck is measured accu- 
rately with the Bianchard caliper (Figure 511). 
The indicator dial is set to zero while the conr 
tact button is resting on a size block or finished 

"piece~Öf "wöf kT. When the contact button is 
resting on other work, the dial indicates, in 
thousandths of an inch, the amount by which 
the work Varies from the thickness desired. 

The reading is zero when proper thickness 
is reached. The chuck should be at rest when 
the reading is taken. When not in use^ the 
caliper is placed out of the way near the splashy- 
guard. The caliper can measure work as much 
as 8 inches in height on a 16-inch chuck. 

•J 
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The Blanchard Machine Company 

Figure 509;—Wheel Mounter for Mounting Grinding Wheel on Adapter. 

Structure and Function of the Grinding Wheel 

The factors directly controlling the quality 
and quantity of work accomplished with a 
grinding wheel are: 

1. The abrasive. 

2. The grit, or grain size* of the abrasive. 

3. The bonding agent; 

4. Porosity of the wheel. 
Detailed information relative to abrasive 

types and sizes* is given in Chapter 25, 
Materials.  The function of the abrasive grains 

Ts^ö~cuTawa3r~smäii pieces!)! worR (chips;). 
The larger sizes permit deeper cuts which leave 
a rougher surface. The smaller grit sizes, which 
remove less material and develop a finer sur- 
face, are used primarily for finishing; For 
grit size and surface produced by each* see 
Brush Analysis Test* (Chapter 25). 

The t>ond material simply holds the cutting 
grains1 in place. Four types of bond are in 
common use: 

1. Vitrified Products (Clay, or Glass).— 
Wheels made with this bond are used for high 
stock removal. The bond is not affected by 
water, acid, oils,, or ordinary temperature con- 
ditions. 

2. Synthetic Resin Products (Resinoid).— 
The wheels made with this bond can be run at 
high speeds, cut cool, and remove stock rapidly. 
The surface developed is finer than that pro- 
duced by a similar grit wheel with other bonds. 

3. Rubber.—-This bond is Used chiefly 
where a good finish is required,   Because of its, 
strength and toughness, this bond is used ex- 
tensively in making extremely thin cutting-off 
wheels. 

&. Metal.—The use of a metal bond is 
limited to tne diamond-grit wheel. It has ä 
longer life than a resinpidVbonded wheel when 
used under the same conditions, since it can 
retain the diamonds under greater pressure 
and higher temperature. 

I 
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The Blahchard Machine Company 

Figure 510;----Feed Control and Built-in Ammeter. 
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Figure 511.--Bläncharä Caliper Attachment. 
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The porosity of 'structure' of the artificial 
ke.gi, silicon-carbide) abrasive wheel is the rel- 
ative amount of space between the abrasive 
grains. 

The grade, or 'hardness', of the wheel does 
not refer to the hardness of the abrasive. The 
grade of the wheel is the measure of the ability 
of the bond to retain the abrasive grains for 
grinding purposes. A soft bond holds the grains 
weakly; a hard bond holds the grains firmly. 

The 'concentration' of a natural (diamond) 
abrasive wheel is a measure of the relative 
weight of diamond powder in a given volume. 
For example: 72 carats per cubic inch is de- 
fined as '100 concentration'. The remaining 
space is filled with the bonding medium. 

Preparing and Mounting the Grinding Wheel 
Silicon Carbide.—The silicon-carbide hol- 

low-cylindrical grinding, wheel is mounted in an 
adapter furnished with the Blanchard mächine 
(see Figure 508). The adapter is cleaned of 
airy oil or sulphur and placed on the turntable 
of the Blanchard wheel mounter (Figure 50Ö). 
The wheel is placed in the wheel ring and cen- 
tered by rotating the turntable, using the spout 
of the sulphur pot as ah indicator. Melted 
sulphur is run in between the flange of the 
adapter and the wheeL The sulphur hardens 
almost immediately and the wheel is ready to 
mount on the faceplate of the grinder. 

Diamond.—The metal-bonded wheels are 
usually V^-ihch thick with a depth of.% to 
14 inch of diamond. The wheels are made in 
two parts—the adapter and the diamond lap. 
When a diamond wheel is worn, the adapter 
and worn lap can be returned to the manufac- 
turer to have a hew diamond lap mounted, or, 

-if-Ahe-facilities. are available, the diamond lap 

:Tfc 1 
1 

can be purchased and mounted in the adapter 
by the user. 

The adapter is a metal ring, carefully ma- 
chined to match the holes in the faceplate of 
the machine. The bottom side of the adapter 
is recessed to a diameter approximately 0;005 
inch larger than the outside diameter of the 
diamond lap. The lap is fastened to the 
adapter by a sweating process, as follows: 

1. The adapter and the diamond lap; are 
placed on a hot plate and heated. The diamond 
lap should not be heated with an open flame. 

2. . The surfaces which are to be in contact, 
are tinned, 

3. The diamond lap is placed in the adapter 
and: allowed to cool under pressure. 

Parallelism of the wheel must be checked 
before it is mounted on the faceplate. In order 
to mount the wheel accurately on the head: 

1. A board is placed over the magnetic 
chuck. 

2. The wheel is placed face down on the 
board. 

3. The center of the wheel is aligned with 
the center of the head. 

4. The head is brought down slowly until 
it touches the adapter. 

5. The wheel is then positioned so that the 
screw holes of the wheel coincide with those of 
the head. 

6. The screws are inserted and tightened. 

Wheel Life and Surface Finish 

All other things being eonstant^.e., dis- 
counting the variables: (1) type of glass, (2) 
type of wheels, and (3) operator—the factors 
which govern wheel life and surface finish are: 

Wheel Speed.—An increase in wheel speed 
increases the number of abrasive grains con- 
tacting the work within a given time. As the 
same amount of work is divided among an 
increased number of grains, the stresses upon 
each grain will, be reduced. This enables the 
bond to hold the grains in the wheel face 
longer, and causes the wheel to wear more 
slowly.   The wheel is said to act 'hard'. 

A decrease in wheel speed causes reactions 
opposite to those mentioned above. 

Work Speed.r^-Äs the speed of the work is 
~-inc^eased._and_each„abr.asiM.gt^ 
to do more cutting, the increased stresses cause 
the grain to fracture more quickly and thus 
release more readily from the bond., The wheel 
therefore wears rapidly and is said to act 'soft\. 

As the speed of the work is decreased, the 
amount of cutting done by each abrasive grain 
is thereby reduced. As each grain has less work 
to do, the stresses on it are reduced, causing it 
to fracture less quickly and to be held longer 
in the wheel face. The result is that the wheel 
wears slowly and is said to act harder. 

J 

,7 

o 
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Area öl Contäet^rThe area of contact be- 
tween the wheel and work also affects the 
stresses set up in the wheel. When the area 
of contact is small, the stress per grain is great 
and the wheel acts soft. If, however, the area 
of contact is increased, the stress per grain is 
less; hence, the wheel acts harder. 

Infeed.-~-Rate of mfeed affects directly the 
thickness of the chips, the same as an increased 
work speed—the greater the rate of infeed the 
softer the wheel acts, and vice versa- (See 
Surface Grinder Infeed Table, Figure 512.) 

When using a coarse-grit wheel, a better 
surface is produced if the rate of infeed is 
decreased for the last 0.Ö10 inch and the wheel 
backed away slowly. 

If the surface to be ground is composed of 
large slabs covering approximately 70 to 80 
square inches the rate of infeed of the wheel 
(120-grit diamond, lOO-concentration, metal 
bond) can be approximately 0:028 inch per 
minute. When the same area consists of a 
large number of smaller pieces,, each appröxir 
mately lVa inches square (2.25 square inches) 
the rate of infeed may be increased to 0.040 
and sometimes up to 0.052 inch per- minute. 
However, in order to reduce fissures caused by 
this high rate of stock removal, the last 0.010 
inch should be removed at 0.010 inch feed per 
jninute.   If the rate of infeed is too fast, the 

coolant is prevented from entering between the 
wheel face and surface being ground. This 
causes excessive he^at at the point of contact 
and rapid wheel deterioration; 

The infeed of the finer-grit silicon-carbide 
wheel must be carefully controlled. If the feed 
is too rapid, the wheel wear is excessive and 
the face disintegrates. Once this breakdown 
occurs, small grains of abrasive float off in the 
coolant and may be crushed into the surface of 
the glass by the wheel. This usually creates 
scratches over a large area. The operator can 
avoid this breakdown by watching the built-in 
ammeter in the column just above the feed box. 
The ämiiieter shows the power consumption of 
the wheel-spindle motor. The feed can be con-r 
trolled so as to keep the power consumption 
under the breakdown point. 

Other factors governing the rate-of infeed 
are: 

Height of Work. — The higher the work, 
compared with the smallest dimension of the 
base, the lower should be the rate of infeed. 
When the height is equal to or less than the 
smallest base dimension, the rate of infeed may 
be increased. 

Anchorage.—A flat surface in contact-with 
a mounting plate is held more securely than an 
uneven surface. The uneven surface presents 
several points of contact with the mounting 

SURFACE GRINDER INFEED TABLE 

For additional details of surfaces see under "Brush Surface Analyzer}" Chapter 2& 
Figure 512. ; 

ITEM FIRST GRIND SECOND GRIND FINISH GRIND                  ] 

Silicon 
Carbide 

Diamond Silicon 
Carbide 

Diamond Silicon 
Carbide 

Diamond                     j 

Grit Size 80 120 220 240 -— 400 

Grade Soft ' Medium 
or soft 

: ~~i ; 
= ^ 

Concentration -- 100 — 1Q0 : 100 

Bond Vitrified 
or Resinoid 

Metal Vitrified 
or Resinoid 

Metal -- ;      Resinoid                   ^ 

Feed (inches 
per minute) 

0.01M.Ö3Q 0.018-0.034 0.0i0-0.024 _  0.015-0.028 
 '• ~                      ,i 

0.0006. 
(hand :feed) 

; T^T^^W^f^-W^^ 
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plate The entire -pressure is transmitted to 
the plate only at these points. The flat surface 
distributes the pressure evenly over the entire 
area. 

Adhesive. —= An amorphous petroleum wax 
with a melting point of about 165 °F. (e.g., 
'Cerelene') may be used as the adhesive when 
the surface is flat; stickum or its equivalent is 
used when the surface is uneven. 

Abrasive Grit.—The infeed must be reduced 
for the finer grit wheels to compensate for the 
shallower cut of the smaller grits. If the infeed 
is again reduced for the last part of the grind, 
a better surface is produced. If the infeed is 
too fast when grinding with a fine-grit resinoid- 
boiided diamond wheel, the bond will cover the 
diamonds and leave smears on the surface of 
the glass. An excessive feed will also shorten 
the life of the wheel. 

Chuck Speed.^-If the speed of the chuck is 
increased, the wheel will äct.soft. If the chuck 
speed is decreased, the wheel will act hard. 
When the chuck speed is too fast the pieces 
strike the wheel too sharply, causing them to 
loosen their anchorage—possibly resulting in 
wheel and work damage. 

Dressing the Wheel.—Under certain condi- 
tions, grinding wheels load, i.e., pick up small 
particles of glass, which pack into the spaces 
between the-abrasive grains and thereby reduce 
their efficiency. 

Many of the surface grains in the grinding 
edge may h ave löst their cutting action. Dress- 
ing removes the 'fill' and tears out the dull 
surface grains, thus restoring the cutting ac- 
tion of the wheel.. 

'Truing' is a term applied to the shaping, 
and,cutting away of the wheel to make its face 
concentric, and its sides plane and parallel-, or 

is M, 

tö älter its shape for grinding special contours. 
(See Chapter 7.) 

(a) Metal-bonded.—A diamond wheel may 
be dressed with a silicon-carbide stick held 
against the cutting edge. While bearing on the 
stick, move it with a scrubbing motion gradu- 
ally around the face of the wheel in a direction 
opposite to =that of the wheel's rotation. 

Another method specifically adapted for any 
verticakspindle rotating^tabie machine is to 
place ä mounted silicoli-cärbiäe wheel 80-grit 

size, or finer,, centrally on the magnetic chuck 
holding it magnetically by its mounting ring. 
Rotate the chuck at about 41 revolutions per 
minute with the table moved into the grinding 
position. Feed the head down until the dia- 
mond wheel touches the silicon-carbide wheel. 
Do not rotate the diamond wheel by power. 
As soon as the diamond wheel touches the ro- 
tating silicon-carbide wheel it is automatically 
set in motion. With the diamond wheel rotated 
by the silicon-carbide wheel, a downfeed of a 
few thousandths will grind out the metal bond 
to make the wheel freercutting again. During 
this operation ample coolant should be used to 
carry away the loose particles. 

(b) Resinoid-bpnded.—/The fine-grit resrn- 
oid wheel should not require dressing if it is 
used carefully. If it becomes necessary to dress 
this type wheel, it should be done according to 
directions furnished by the manufacturer of 
the wheel. 

COOLANT 

The coolant or lubricant may be either 
water or a mixture of water and a soluble oil. 
No matter what other substances are added to 
the water, the proportion of water is kept high. 
The particular type of oil and amount of dilu- 
tion should be studied carefully, since the life 
of the wheel and the type of surface produced 
are affected by the coolant. 

The purposes of the cooling solution are: 
1. To keep the cutting surface of the wheel 

clean by washing away the ground particles of 
glass. 

2. Tö maintain a uniform temperature of 
the work and prevent localized heating at point 
of contact. 

3\   To act aiäTuWi'fäntVi^ W reduce xne~ 
friction between the wheel and the work. 

4.    To prevent rusting of machine parts. 

Quantity of Cöplaht.^^-Öther conditions be- 
ing equal, efficiency of the wheel is increased 
as the volume of the coolant is increased. The 
flow, however, should be Constant, äs any fluc- 
tuation in the volume of flow will cause varia-? 
tions in cutting action of the grinding wheel, 
and quality of the surface. 

,_.,-,.;.,.,    ,    ..»•-'"     * 
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The volume of coolant required is propor- 
tional to: 

1, Area of contact. 

2. Work speed. 

3, Width of wheel face. 

4. Hardness of material being ground. 

It has been found that Y$ to %6-inch-wide 
radial slots spaced about 3 inches apart in the 
wheel face will carry coolant from inside the 
wheel across the surfaces being ground. This 
additional cooling improves the performance of 
the wheel. 

Pressure of the Coolant.—The pressure of 
the flow should be sufficient to force the coolant 
between the work and the wheel face. If the 
work speed is in excess of 5000 surface feet 
per minute, the pressure of the flow becomes 
increasingly important because the ordinary 
pressures are not sufficient to penetrate be- 
tween the wheel face and the work. 

Improved performance is obtained by clean- 
ing the mixture in a centrifugal separator, 
though obviously this is practical 'only when 
several machines using a considerable quantity 
of the coolant are in use. 

Some of the coolants which have proved 
satisfactory are included in Figure 2503. 

FIXTURES 

Practically all the glass elements to be 
ground on surface grinders require some sort 
of fixture in which one or more pieces are 
located and secured. The design, of these fix- 
tures is very important. If a hardened-steel 
fixture (see Figure 513) can be machined ac- 
curately, the prism may be ground almost com- 
pletely with one Mocking operation. Hardened 
tool steel is the logical material to use because 
of its wear-resisting quality and stable nature. 
This stability is necessary in order to retain ehe 
angle which has been ground into the fixture. 

Polaroid Corporation 

Figure 5i;3.~rlridividual Hardened Steel Fixtures for Mounting: 
Eight-angle Prism, Blanks. 
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Next to tool steel, aclose-grain cast-iron nickel 
alloy, or similar alloy is recommended, meeha- 
nite being preferred* Before the final machin- 
ing, the fixture casting should be normalized at 
about 1000 °F. 

It is good practice to groove the surface of 
the fixture on which the glass is to be held. 
These grooves allow excess adhesive material 
to escape, thus insuring more accurate location 
of the element in the fixture. 

On the vertical-spindle rotary-table type of 
grinder, the wheel is sometimes in contact with 
the center of the block. Loose grit may be 
entrapped here and scratch the glass in this 
area. Consequently, whenever possible inount- 
iiig fixtures and tools are so designed that ah 
area of 1% to 2 inches in diameter at the 
center is left open. To avoid getting these 
scratches on larger pieces of glass which must 
cover the center of the chuck, the corners of 
the silicon-carbide wheel should be rounded by 
using ä piece of soft steel held firmly against 

the inside and outside edges of the grinding 
face while the wheel is rotating. 

While most of the fixtures in use require the 
glass to be fastened to it with some adhesive 
compound, some are made to hold the glass 
with a mechanical clamp instead. Spring- 
loaded clamps are preferred to screw clamps 
since they are designed to operate with the 
same clamping pressure for every load. The 
clamp should be faced with some soft material 
such as fiber, 'textolite' or its equivalent, so 
that the glass surface held by the clamp is not 
bruised. When the glass is taken from such a 
fixture it requires no cleaning, and usually the 
operator can dp his own mounting. Figures 
514, 515, 516 and 517 illustrate various fixtures 
which have been used with vertical-rspindle 
rotary-rtable type grinders. 

Methods of Mounting Small Fixtures on a 
Magnetic Chuck 

1.    Where the surface of the  fixture  in 
contact with the magnetic chuck is small, rings 

i> 

Anchor Optical-Corporation 

i ) 

Ü 

•Figure 514.-.^-Porro Prism Pressings Mounted in Fixtures. 
(Official U.S. Navy Photograph) 
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2- 3X32Xg FL.HD. 
MACHINE. 
SCREWS- 

2^kX2.  STEEL DQWEL5 - X 20 TAP FOR 

MACHIKJING   ONLY 

C 

NOTE 
SURFACES    MARKED "&" TO   BE    GROUND   AFTER 
ASSEMBLY - ANGLES     BETWEEN    THEM    TO 
BE    HELD   TO    90° ±5" 
ROUND" ALL    CORNERS      SLIGHTLY 

Anchor Optical Corporation 

Figure 515.—Fixture for Grinding 90° Faces and One Side of ä Porro Prism Blank. 
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may be interposed between the chuck and the 
fixtures which tend to concentrate the magnetic 
effort öf the chuck and make it more effective. 
Such an arrangement is shown in Figures 518 
and 519 where small fixtures are placed on two 
concentric steel rings which, in turn, are lo- 
cated 5 over the main magnetic poles of the 
chuck; The contact can be strengthened fur- 
ther, by equipping the rings with pins, and 
providing the fixtures with holes which will fit 
over them. This plan provides a strong setting 
since the pins prevent the fixture from over- 
turning. Such an arrangement is shown in 
Figure 519, in which the fixtures have been 
placed in the various positions necessary to 
grind nearly all of the surfaces of the element. 

2.   Another method is to,set. the fixtures 

adjacent to each other (see Figure 520) in 
order to give strength by distributing the push 
of the wheel. They may be held together on 
a rod as shown in Figure 521 and described 
under May Oil Burner Corporation later in this 
chapter. 

This method works best where sufficient 
metal is available to accommodate a rod ap- 
proximately 14 inch in diameter. The fixtures 
are located on the magnetic adapter over pins. 
One side is ground, turned over and the second 
side ground, using the Blanchard caliper to 
check for size. 

3. The fixtures are mounted with screws 
on a blocking plate as shown in Figure 522, 
for grinding one face. They are then turned 
through 90=° to grind the second face. 

I 

Anchor Optical Corporation 

Figure '516,-^Pörrö Prism Fixtures. Mounted1 oh Surface Grinder 
for Rough Grinding ftOa Faces;, 

(Official U.S. tiävy Photograph:) 
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Figure 517.-^-I)ouble Channel V-;plate for Surf ace Grinder. 
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Figure 518.^-Indiviäüal. fixtures Möuntea on magnetic onucK j&quippeu wicn 
Pin Eihgs for Grinding Sides of Prism Blanks. 
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Polaroid; Corporation 

Fie-ure 519..—Individual' Fixtures in Different Positions for Grijidjng Glass Surfaces, 
Using Pin Rings. 

May Oil Burner Corporation 

Figure 520WFixtufes and. Adapter Plate Mounted on 
Surface Grindeh for Grinding Sides of 

Pörro Prism Pressings. 

May Oil Burner Corporation 

Figure 521.T—Pörro Prism Fixtures Mounted with Rods 
on Surface Grinder for Grinding 90° Faces, 
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Optical Research, Incorporated 

Figure 522.- -Plate and Screw-type Fixtures for Grinding Roof Faces 
on Aniici Prism Blanks. 
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PRODUCTION OF PORRO PRISMS BY 
VARIOUS MANUFACTURERS 

Each   paragraph   heading   which   follows 
Identmes^tne "surfaces^ which are ^grouha^with" 
a single mounting of the porro prisms in their 
proper fixtures. 

Anchor Optical Corporation 

90° Faces and First Side.—A pörro prism 
pressing is mounted in a fixture of tool steel 
as shown iil Figures 514^ 515, and 516. The 
adhesive used for mounting is .a mixture of one 
part crude yejlow beeswax and five parts water 

white rosin.    There is one fixture for each 
prism.    The hypotenuse is used as a reference 
surface and one side rests against the side 

_Dlate_-of_the_.fixtuKe.^ . =  

Figure 516 shows 38 such fixtures held on 
the magnetic chuck with one face already 
ground to size. The fixture is turned through 
90° to grind the second 90° face. 

With the prisms still mounted, the same 
fixtures are laid with the side plates resting on 
the magnetic chuck. One side is ground flat, 
allowing sufficient glass to, grind the second 
side to thickness. 

i-ggast-x?- •". .,.   [-   ~ 
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Second Side*^- The prisms are removed 
from the fixtures, mounted on a blocking plate 
with the finished side down, as shown in Fig^- 
ure 506 and the second side is ground to thickf 
ness. When grinding the second side of one 
type of binocular porro prism, 68 prisms may- 
be mounted on one blocking plate. As there 
are about 1% squars inches per prism and 
0.070 inch of glass to be ground off, this means 
that a total of about 5^ cubic inches of glass 
must be removed. A chuck speed of 41 rpm 
and a feed of 0.010 inch per minute is used 
until approximately 0.050 inch of glass has 
been ground off. Next the surface is checked 
for finish and the grinding continued to within 
0.012 inch of the finished thickness. After the 
silicon-carbide type wheel has been dressed the 
grinding is continued to within 0.005 inch of 
the finished size. Finally the feed is reduced 
to 0.004 inch per minute and the chuck speed 
changed to 15 rpm for the last 0.002 inch. 

Hypotenuse.-r-The prisms are removed from 
the plate used for grinding the second side 
to thickness, and mounted in ä double row 
meehanite V^ block as shown in Figures 514 
and 517. 

Three V-blocks are placed on the magnetic 
chuck of the Blanchard as shown in Figure 523 
and the hypotenuse is ground. 

May Oil Burner Corporation 

Hypotenuse.—The pressings are mounted 
in a 90° V-blpck and ground to the proper 
dimension. The prisms are then removed from 
the fixtures. 

90° Faces, Sides, and Top.—The'prisms are 
mounted on individual fixtures made of hard- 
ened tool steel. (See Figure 524.) The fixture 
must be slightly thinner than, the finished 
prism. Each face has a tapped hole for posi- 
tioning two L-shaped clamps. 

I 

Anchor Optical Corporation 

Figure 523,—Porro Krism/Pressihgs Mounted on a Surface Grinder 
for Rough Grinding the Hypotenuse Faces. 

(Official U.S. Navy Photograph.) 
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May Oil Burner Corporation 
\     - 

Figure 524.—Fixture for Grinding Porro Prism Sides 
and 90° Faces. 

The base of the mounting jig has two levels 
(Figure 525). Two blocks fastened to the base 
plate on the high level are located to form a 
90° V. A movable slide located on the lower 
level of the base plate has a 90° V-groove on 
the side facing the stationary V on, the higher 
level. A spring preload attached to the back 
of the movable slide exerts the pressure neces- 
sary for accurate mounting; 

The fixture is heated to .2.00 °F. and a thin 
coating of stickum is applied to the mounting 

May Oil Burner Corporation 

Figure ,525;—Jig for Mounting a Porro i*rism Pressing 
oh ah Individual Fixture*. 

surface. The fixture is then placed in the V- 
groove oh the higher level of the base plate, the 
movable slide is pushed back against the spring 
preload, and the prism pressing, is placed so 
that the hypotenuse is in contact with the pre^ 
pared side of the fixture. The top öf the press- 
ing fits into the V-groove of the movable slide. 
The prism rests on the lower level of the base 
plate. The slide is released centering the prism 
on the fixture, and the two L-shaped clamps 
are tightened with cap screws. The fixture is 
removed from the mounting jig and allowed to 
cool. The clamps and all exeess stickum are 
removed, and the prism is ready for grinding. 

Grinding operations are performed in the 
following sequence: 

1. The first side is ground. 

2. The fixtures are turned through 180° 
and; the second side is ground. 

3. The fixtures are positioned for grinding 
the first 90° face. 

4. The fixtures are tipped through 90° and 
the second 90° face is ground. 

5. The fixtures are rearranged for grind- 
ing the tops. 

An adapter plate on which the fixtures are 
located is used for grinding the two sides. (See 
Figures 520 and 526.) The prisms are ground 
to thickness by removing approximately the 
same amount of stock from each side. 

The adapter plate is then removed and the 
prisms are placed on the magnetic chuck (Figr 
lire 521) in two rows of 17, two rows of 13, 
and two rows of 6 each. A rod is passed 
through the hole in the center of the fixtures, 
making each row ä unit of individual fixtures. 

The "risms are arranged for Tindin0- the 
tops as shown in Figure 527. 

Bausch and Lomb Optical Company 

First Side.—-The pressings are mounted 
and ground on a blocking plate similar to that 
shown in Figure 506* 

Second Side.-r^-After grinding the first side, 
they are removed, turned over, and remounted 
for grinding the second side. 

•£v*: 
i«BA*k^äWäfc£(äK&S 



60 AT .604"- 
56 AT .591- 

Mäy Oil Burner Corporation 

Figure 526.—Adapter Plate for Magnetic Chuck on Blanchard Grinder. 

Vaa^ 

May Oil Burner Corporation 

Figure 527.—^Fixtures Mounted on Surface Grinder for 
Grinding Pörro Prism Tops. 

Hypotenuse.—The fixture for grinding the 
hypotenuse is a 90° V-block having two end 
plates. (See Figure 528.) One end plate is 
solid and is square to the V. The opposite end 
plate contains a spring-loaded plunger.   The 
«•wictTVkci    ni*n    nlci/»n/rl    in    -fV»^\   \/ - Vtls\s»lr      4-Virt   nlim/VAl» 

held back while the last prism is loaded, then 
released. The spring pressure clämps the 
pieces; The fixtures hold either five or seven 
prisms. Two of each size (making a group of 
24 prisms) are placed on the chuck. 

909 Faces;—The fixtures for grinding the 
90° faces form two more groups,, each group 
holding 24 prisms.. Four fixtures are used in 
each group (see Figure 528); Two of these 
hold seven prisms, one holds six, and one holds 

J -       - 
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Bausch &Lomb Optical'Company 

Figure 528.—Pörro Prism /Fixtures Mounted on Surface Grinder for Grinding the Hypotenuse and Both 906 Faces. 

four prisms. The two 90°-face fixtures are 
alike with the exception that one set is some- 
what higher than the other. The fixtures are 
made with a 45° surface on which the ground 
hypotenuse is located. There are two end plates, 
one of which is solid and against which the side 
of the first prism is located. A rod connecting 
the end plates serves as a stop for the vertical 
90° faces. The second end plate contains the 
spring-loaded clamping plunger. 

These .fixtures are designed to allow for 
definite stock removal from each surface (the 

'IryiHJfcenuMl^ the locating 
surfaces being progressively higher from the 
first set of fixtures to the third. This design 
permits grinding to the same setting on all sur- 
faces arid removing the desired predetermined 
amount. The entire setup of fixtures on a 
Blänchard chuck is shown in Figure 528. 

Polaroid Corporation 
It has been the general practice in the 

optical industry, after rough and fine grinding, 

to remount elements for the final polishing. 
Prism mounting and blocking methods are de- 
scribed in Chapter 9. However, fixtures for 
holding 90° prisms have been designed which 
may be transferred, with no change of mountr 
ing, from the surface grinder to the polishing 
machines    One such method is as follows: 

SideSi-^-The pressings are mounted on block- 
ing plates and the two sides are ground flat 
and parallel on a surface grinder (similar to 

re 506). 

-Mtef removal frölri~the block- 
ing plate and cleaning, they are mounted on 
individual fixtures (Figures 5,13 and 529). The 
fixtures are heated on a hot plate, wax is 
melted on the contacting surfaces, the prisms 
are placed oh the fixtures, which are then lo- 
cated in the mounting jig as shown in Figure 
529. The movable slide-block is used to push 
the fixtures arid prisms into the 90 ° V; The side 
plate of each fixture being down, the quick- 
acting toggle  clamp  is  pressed against  the 
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Polaroid Corporation 

Figure 529.-^jig Used for Mounting Right-angle Prism Blanks to individual Fixtures. 

prism.    This clamp has a resilient jaw which 
allows a cushion effect in clamping and elimi- 
nates iocai strains. ine eiäinps are adjusted 
for fiftyrpound pressure. Stations two, three* 
four, and five show prisms clamped in fixtures. 
After cooling, excess wax is cleaned from the 
locating surfaces and the individual fixtures 
are fastened to a blocking plate as shown in 
Figure 530. The fixtures are screwed to the 
plate and any exposed screw holes are then 
protected with masking tape. 
. The elements are ground first with a 120- 
grit diamond wheel then transferred to another 

machine and fine ground using a 400-grit dia- 
mond wheel. The plate and prisms are then 
transferred   äs " E   single   unit  tö" ~E   pöItsliiTig 
machine. After polishing, a protective coating 
of lacquer is applied to the polished surfaces 
and the individual fixtures are turned through 
90° and fastened to the plate again. The sec- 
ond 90° face is then ground and polished in the 
same manner. 

Hypotenuse.^-After the prisms are removed 
from the fixtures and cleaned, they are mounted 
in a plate having 90° V-grooves similar to 
those described previously.v   In order to keep 

i %'^tf^J^'n:'r<T^f^:-iiS' 
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Polaroid Corporation 

Figure 530.—Individual Right-angle Prism Blanks in Fixtures Mounted with Screws 
on a Blocking Plate. 

from scratching the polished surfaces, thick 
wax-impregnated paper is placed between the 
polished surfaces of the prisms and the V- 
blocks. Ordinary carbon paper is quite satis- 
factory because it is very uniform and free 
from specks of wood pulp or other impurities 
which might vary the thickness of the paper. 
In mounting the p/isms in the V-block, they 

3/ _ \-niA\ Qnart tri. insiirA their 
/J.D t—?• r  

locatipn with respect to the 90° surfaces. When 
the block has cooled sufficiently to set the 
pieces, melted paraffin is poured between the 
prisms giving them additional support. 

The hypotenuse is ground, first using the 
120-grit diamond wheel then the 400-grit dia- 
mond wheel and then the whole group of 
prisms is transferred as ä unit to the polishing 
machine. 

Frankford Arsenal 

Sides.—The glass is mounted on a blocking 
plate, and the first side is ground as already 
described in connection with vertical-spindle 
rotating-täble surface grinder operation. The 
operation is repeated for the second side. 

90° Faces.—The fixture is mounted on a sur- 
face grinder, and the first 90° face is ground. 
The fixture is then tipped through 90°. and the 
same procedure is followed for the second 90° 
face. 

Slab Glass.—Figure 531(a) shows a com- 
pression-screw clamp fixture used for holding 
slabs preparatory to rough grinding the 90° 
prism faces. The slab has been ground to 
thickness and held to ä close tolerance so that 
a collective error is not set up on the aide .angle. 
The slabs are set in the fixture against the 
stationary end and held in place with the cpm- 
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Figure 531.—Clamping Fixtures for Grinding 90° Angles. 
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pression screw. A fibre disk at the end of the 
screw bears against the glass surface permit- 
ting the use of sufficient pressure io hold the 
glass rigid; The fixtures and surfaces of the 
slabs must be thoroughly clean, 

Pressings.—Figure 53i(^) shows a fixture 
used when the 90° faces are to be ground on 
prism pressings. The fixture has a center fin 
perpendicular to the hypotenuse surface* which 
enables two prisms to be ground simultane- 
ously. The pressings are held in position by 
two adjustable clamps with a fibre face. 

Hypotenuse. — After the prisms are rer 
moved from the fixture, they are cleaned, then 
mounted in a 90° V-block, set on the magnetic 
chuck, and the hypotenuse is ground. 

Robinson-Houchin Optical Company 

Sides.—The machine shown in Figure 532 
performs the first operation oh the prism press- 
ing, that öf grinding both sides simultaneously 
(in a manner similar to straddle milling), so 
that they are parallel to within (L00025 inch. 
There are two spindles in line with each other 
on each Of which is mounted a IQQ-grit 4-inch- 
diämeter diamond cup-type wheel.   These two 

wheels, which face each other and revolve in 
the same direction, are driven by a 1-horse- 
power motor. They must be notched as shown 
in the figure to permit the coolant to circulate 
between the diamond wheels and the glass. 

Robin&ön-Höuchivi, Optical Company 

Figure 5ä2.s—Grinding Both Sides of a Porro Prism 
Blank Simultaneously; 
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The prism is clamped in place with a special 
quick-acting cam-type clamp. The hood is 
pulled over the machine and the coolant pump 
is turned on. The coolant is forced between 
the two cup grinding wheels and the actual 
grinding operation is started. 

A valve-controlled oil dash-pot is used to 
regulate the speed of travel of the prism be- 
tween the two diamond wheels. 

Hypotenuse and 90° Faces. -—A prism is 
placed in a holder which swings the prism 
into position for clamping. (See Figure 533.) 
This is accomplished by pressing a foot pedal, 
swinging the prism into position, releasing the 
foot pedal, and allowing the spring pressure to 
be exerted against the prism. This pressure 
secures the prism and prevents slippage during 
the grinding operation. The notched 120-grit 
diamond wheel is carried on a traversing slide 
which completes one grinding cycle, returns to 
the starting position, and stops.   The operator 

Röbinson-ffouchin Optical Company 

Figure- 533.—Machine for Grinding the Hypotenuse 
and, Both 90? Faces of a Pörro Prism Blank. 

turns the prism to the next position and loclcs 
the head. The slide traverses the grinding 
cycle and the second surface of the prism is 
completed. The third surface of the prism is 
ground by the same process and the prism is 
then removed by releasing the spring pressure. 

Ends.-rr-The machine shown in Figure 534 
is designed for grinding the radius on the ends. 
A cam is used to control the contour of the 
prism. 

Another machine for performing the same 
operation has already been described in Chap- 
ter 4. 

Universal Camera Company 

The machines described below are used for 
grinding the sides, tops, 45 ° corners on thy 
tops, and the ends of porro prisms to size. 
They are all. built and operate on the same 
principles. 

1. Prism Side Grinding Machine (Figui-e 
535). 

2. Prism Top-and-45°-Corners Grinding 
Machine  (Figure 536). 

3. Prism Round-End Grinding Machine 
(Figure 537). 

These machines consist of a large clamping 
wheel which brings the prisms between a series 
of grinding wheels. The wheels are mounted 
on shafts which are housed in a large single 
casting. The grinding wheel shafts have a 
direct pulley drive to the motor, whereas the 
clamping wheel receives its motion from a 
speed reducer (mounted on top of the casting) 
which also has a direct drive to the motor. 
This arrangement permits a slow feed and a 
high grinding speed from a single source of 
power. 

Attached to the front part of the casting is 
a basin with facilities for filling and draining. 
When filled with coolant, the grinding wheels 
and the lower half of the clamping wheel are 

-«.> 
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Robinson-Houchin Optical Company 

Figure 534.-—Rounding the Ends of a Porro Prism Blank. 

completely submerged. A helical coil of copper 
tubing containing a continuous flow of cold 
water is used to reduce the temperature. It 
rests inside the basin away from the wheels. 

The wheel holding the prisms contains a 
number of clamping levers set in recesses 
around the periphery. These levers are ac- 
tuated by springs and are opened or closed 
according to the position of the wheel, The 
opening and closing action is accomplished by 
having one end of the lever ride on a cam 
mounted on the housing around the wheel's 
shaft, (Figure 538). This allows the piece of 
glass to be firmly locked in position while it 
is being cut* and then removed easily when 
brought away from the cutting wheels. 

To prevent a piece of glass from falling out 
before the clamping wheel has reached the 
closed position, a retaining plate is mounted 
between the wheel and the casting. Level with 
this plate on the outer side of the wheel is a 

pressure and retaining plates is used to line up 
the prisms so that ah equal amount of .glass is 
exposed on either side of the clamping wheel. 

There are three series of diamond grinding 
wheels between which the prisms must pass. 
Each operation grinds the prism closer to the 
desired form, the finishing wheel finally giving 
it the correct shape. (See boxes in löwer left 
hand corner of Figures 538, 539 and 540;) 
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Universal Camera Corporation 

Figure 536.—-Grinding the. Top and 45° Corners on-the Top of 
Porrö Prism Biaiiks Simultaneously. 
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Universal Camera Corporation 

Figure 53.7.—Rounding the Ends of Porro Prism Blanks. 
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Universal-Camera Corporation 

Figure 53.8.—Layout of Clamping Wheel for Rounding the Ends of'Por.ro Prism Blanks. 
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Figure 539.—-Layout for Grinding Both Sides of Porro Prism Blanks. 
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Figure 540.—payout for Grinding the Top arid 45° Corners.on the Top 
of Porro ßrism Blanks. 
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The dimensions produced by each forming 
action can be controlled, and the wear on dia- 
mond wheels can be compensated by three ad- 
justments : 

1. Each forming operation is accomplished 
by two wheels spaced by means of arbor shims. 
The spacing between the wheels may be regu- 
lated by adding or removing one or more shims. 

2. The shafts, on which the diamond 
wheels are mounted, can be adjusted so that 
the relative position of the diamond and the 
clamping wheels may be regulated. 

3. The shafts can move in or out through 
the castings. This movement lines up the 
grinding wheels permitting equal cutting of 
both sides of the prism. 

The details of the clamping and diamond 
wheels vary and are adapted to the exclusive 
function of each operation. 

Sides.—The sides of the prism are ground 
with respect to the base (hypotenuse) face as 
shown iii Figure 535.   A cylindrical rubber 

plug, inserted in the wall adjacent to the blank 
side of the prism, supports and raises the 
prism above the wheel's recessed surface (Fig- 
ure 539) in the position necessary for this 
operation. 

Each clamping wheel is designed to expose 
that part of the prism which is to be ground. 
The contour of the diamond wheels is the oppo^ 
site of that desired on the finished prism. Iii 
the side grinding machine, a set of diamond 
wheels grind simultaneously both sides of the 
prism- 

Top and 45° Corners on the Top.-—The top- 
and-45°-corners grinding machine (see Figures 
536 and 540) has only a single edge to reduce. 
Thus the prisms in this machine, äs well as 
those in the side grinding machine, go through 
each operation only once. 

Ends.^--The prism round-end grinding ma- 
chine (Figures 537 and 538) can expose only 
one end at a time, therefore this process is 
repeated for the* second end. 

\J 

OpticalResearch, Incorporated 

Figure 541.—Grinding the Top arid 45° Corners on the Top of Porro Prism Blanks. 
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Optical Research Company- 
Top and 45° Corners on the Top.—The ma^- 

chine shown in Figure 541 is ä bench-type 
double-end tool grinder. The end play of the 
shaft of the motor has been reduced to conform 
with the dimensional tolerances of the prism 
being ground. The machine is equipped with 
two 'cup type' diamond wheels, which permit 
grinding across the entire face. In addition, 
slides are provided as shown, to control the 
angle and depth of the grinding. 

The top of the prism is removed by the 
wheel on one side and the corners are succes- 
sively removed by the wheel on the other side. 
In these operations^ the prisms are fed in by 
hand and guided by the slides. 

W 

Eastman Kodak Company 
The grinding operations ait; performed on 

a horizontal milling machine adapted to grind 
glass. The diamond-charged wheel rotates hor- 
izontally and oscillates along the axis of rota^ 
tion.    (See Figure 5Ö2.) 

Sides.—Porro prism pressings are ground 
parallel and to thickness either by hand as 
described in Chapter 4, or by automatic ma- 
chinery. 

Hypotenuse.—After grinding to thickness, 
the prisms are mounted for grinding the hy- 
potenuse. This is done in V-blocks with six 
sections. Each section holds the prisms in 
place and aligns them with reference to their 
ground sides. 

O Eastüian'Kodäk Company 

Figure 542.^-Grinding the Tops and 4&° Corners on the Tops of Pprfo Prism Blanks. 
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Birst 90° Face.-^-Prisms are then mounted 
in another fixture for grinding the 90° faces as 
shown in Figure 502. This fixture is designed 
so that each prism rests on its hypotenuse, with 
the sides of adjacent prisms contacting each 
other. There are eight sections of nine prisms 
each in this fixture. 

The work is held by vacuum in specially 
designed fixtures, 22 x 7 x 1% inches, which 
are bolted to the bed of the machine. Holes are 
drilled under each prism in the bottom of the 
fixture, arid are used to hold them by means of 
suction. "•"""TUB" elanips at the end of tfre~nxtüre~ 
are used to align the prisms, 

Second 90° Face.—The prisms are removed: 
and reversed for grinding the second 90° face. 

Top and 45° Corners on the Top.^The ma- 
chine shown in Figure 542 performs the com- 

bined operation of grinding the top and two 
corners at the same time. 

PRODUCTION OF ROOF PRISMS BY 
VARIOUS MANUFACTURERS 

Optical Research Company 
Sides and 90? Faces. -^ Amici roof-prism 

pressings are mounted in special fixtures, Fig-^ 
ure 543, for rough grinding the sides and 90 ° 
faces. The fixtures are screwed onto a blocking 
plate, which is then placed on the magnetic 
chuck of the surface grinder. The fixtures are 
turned through 180° for grinding each side and 
through 90^for grinding each 90° face. 

Roof Faces.—After removing, the prisms 
are mounted in other fixtures as shown in Fig-r 
ure 522, for grinding the roof faces. 

Top.-^-rThe prisms are then mounted with 
paraffin in V- blocks for grinding the tops. 

,8- 

^> 

>*& 

Optical Research, Incorporated 

Figure 54§.-^Amici Prism Fixtures Mounted with Screws on ä Blocking Piate for 
Grinding 9Ö9 Faces and Sides on.a Surface Grinder. 
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Naval Gun Factory 
Sides. •=— Four prisms are cemented with 

beeswax and rosin to a special fixture shown in 
Figure 544. This fixture is securely clamped 
to the bed of a converted milling machine. The 
grinding surfaces of the wheels arc completely 
immersed in a pan of water. There are two 
6-inch-diameter resinoidrbonded 80^-grit silicon- 
carbide wheels. They are spaced properly and 
mounted on the arbor of the grinding mächine, 
and then rotated at 800 rpm. The work is fed 
in between the wheels at the rate of % inch 
per minute. 

Eastman Kodak Company 
König Roof Prism.— In Figure 545 is 

shown a special adaption of autocollimation 
combined with a mechanical setup (bench 
lathe) and a diamond-charged wheel to grind 
a konig (norden) roof prism to such a length 
as to achieve the proper length of light path. 
The prism is adjusted optically and then ground 
to proper length. 

Naval Gun Factory 

Figure 544.—'Fixture for Grinding Both Sides of Amici 
Prism Blanks Simultaneously. 

» 

Eastman Kodak Company 

Figure 545.^—Konig, Koöf Prism Grinding Machine with Autocollimator. 
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ROUGH GRINDING GLASS PLATES 
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The rough grinding- of glass plates consists- 
of three principal operations^sarfaeing^ shap- 
ing, and beveling. The surfacing may be done 
by flat grinding on circular mills as described 
in Chapter 4, Rough Grinding Prisms by Hand, 
or as discussed in this chapter,. 

'Shaping' consists of forming the edges of 
the glass into the desired shape. For circular 
plates the process is called 'rounding' and may 
be done entirely by hand on a mill (as de- 
cfibed in Chapter 7, Rough Grinding Lenses 
by Hand) •, or, after a preliminary rounding on 
a mill, may be completed on a motor-driven 
shaft- This latter method is termed 'hand 
rounding' also,- since the -concentricity of the 
work is controlled by the operator. Rounding 
completely by hand on mills is done usually in 
very small shops, where mechanical facilities 
are limited and when the greatest accuracy in 
rounding is not needed. When rounding auto- 
matically, the machine governs both the con^ 
centricity and the diameter of the work. For 
shaping non-circular plates, various methods 
are used, such as grinding corners, chamfering, 
or half-rounding, depending upon the shape 
specified. 

After ä discussion of beveling, which can be 
done either by hand or mechanically, the chap- 
ter closes with comments on Various methods 
of drilling glass. 

SURFACE GRINDING [ 
Using a Mill 

Mounting First Side. — The first step in 
rough grinding glass plates is to mount the 
first side. This process is similar to that used 
in mounting pörrö prisms (see Chapter 4)-. 

The blocking plate is heated sufficiently to 
melt the adhesive, the stickum is applied and 
the glass is mounted on the plate, care being 
taken to permit Tour pieces to-extend over the 
edge to serve as 'markers' (see Figure 601). 
These markers are used, to determine and con- 
trol the progress of the grinding. 

Grinding First Sidei-^The actual grinding 
is done in the same way that the sides of 
prisms are ground (see Chapter 4). A table 
showing the amount of glass to be removed 
with each abrasive is given in Figure 403. 

Transferring to Second Side.-^This opera- 
tion is similar to that described in Chapter 9; 

Transferring Glass Plates. It should be noted, 
however, that for rough grinding, a thin layer 
of stickum is used instead of second side wax 
and that it is not necessary to load the transfer 
plate with weights to insure that it will be in 
very close contact with the glass, or to take 
more than reasonable care in leveling while it 
is being heated and waxed. 

Grinding Second Side.-^-When the elements 
have been transferred, the transfer block is 
treated äs a new work block and the second 
side is rough ground in the same manner as 
was the first side until the giass is of the de- 
sired thickness. 

Removing the Work. -^ After the rough 
grinding has been completed, the next step is 
to remove the work from the block. To do this, 
the work block is heated gradually until the 
lower layer of adhesive, that is, the one which 
is between the block and the paper (see Chap- 
ter 9, Transferring Glass Elates), is melted and 
the paper with its adhering pieces of glass can 
be slid off. When this has been done, the paper 
with the glass still attached is placed in a tray 
of gasoline or other suitable solvent to loosen 
the work from the paper.    Finally, the pieces 

Figure {501.—Reticle* Blanks Mounted on, a Blocking 
Plate for Rough Grinding. 
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thus released are placed in a bath of clean gas-^ 
oline or processed in a degreaser to remove the 
last traces of the adhesive. 

Using a Surface Grinding Machine 

Glass plates may be ground on a surface 
grinder as shown in Figure 602., This grinding 
may be rough, smooth, or fine, depending on 
the grit of the wheel that is used. 

By using progressively finer grinding 
wheels, finishing with 400 grit or finer, it is 
possible to pass from grinding on an auto-; 
matic surface grinding machine directly to the 
polishing operation and thus eliminate any fine 
grinding with loose abrasive. 

In the case of square reticles^ the edges may 
be 'straddle' ground from solid glass as shown 
in Figure 603 by using two grinding wheels 
spaced properly on a horizontakspindle recipe 
rpeating-table surface grinder. 

Optical FIat& First Side.^-For grinding 
the first side of optical flats, pieces are blocked 
in plaster of paris, in a manner similar to 
prism blocking as described iii Chapter 9. 
Then the block is ground on a Blanchard type 

M -'I 
machine using rough, smooth, or fine wheels äs 
the case may require after which it is trans- 
ferred to a polishing machine, where it is fin- 
ished to the required flatness. The flats are 
then removed from the plaster block and each 
polished surface is tested again for flatness. 

Second Side.^The nest step is to mount 
the optical flats for processing the second side, 
which may be done in the following manner. 
The polished surfaces are mounted pn an opti- 
cally flat 'pyrex' glass disk of known thickness 
and parallelism either by hand or by an appa- 
ratus similar to that shown in Figure 604. 
Wax, consisting of a mixture of 80 per cent by 
weight of 'Optical D' and 20 per cent of bees- 
wax, is heated by a bunsen burner and poured 
carefully around the flats to hold them in place. 
Care should be taken that the thickness of this 
layer öf wax is less than the thickness of the 
finished blank. 

A rubber suction cup with a steel base 
attached, is placed oil the under side of the 
pyrex disk and then the disk is placed oil three 
steel supports which have been arranged on the 
magnetic chuck of a Blanchard-type grinder. 

• t 

Polaroid Corporation 

Figure 602.—Filter Blanks After Grinding oh a No. il Blanchard 
Vertical Surf ace Grinder» 
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Figure 603.^-Straddle Grinding Reticle Edges. 

These supports permit the steel attached to the 
rubber suction cup to hang just above the face 
of the magnetic chuck, in such a way, that 
when thejchuckjs magnetized the steel attached 
to the cup is pulled downward* thus holding 
the pyrex disk firmly in position. Lateral dis- 
placement is prevented by side blocking. Fig- 
ure 605 shows the supports and blocks heeded 
for holding the pyrex disk on a magnetic chuck. 

Grinding the second side is done by the 
method used for the first side except that the 
thickness must be controlled'. 

RQUNDENG TO DIAMETER 

Hand: Methods 
When elements are processed from 'slab 

glass" it is usually necessary to make a prelim-r 

inary rounding on ä mill by hand. This is not 
necessary with blanks whose size is reasonably 
close to the final diameter. 

Elements-canrbe rounded either-by-hand^ot" 
mechanically, but the latter method is usually 
more accurate. 

The- first operation, when using slab glass, 
is. to cut it into squares as described in Chap- 
ter 3, the sides of which are usually about % 
inch large* than the finished diameter. 

Stacking the Elemehts^The next step is 
called 'stacking' because it consists of waxing 
one element to another until a stack of the 
desired length is obtained. The length of the 
stack varies with its diameter and the method 
used for rounding, as shown in Figure 606. 

J 
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Figure 604.^M6unting Optical Flats for Grinding and Polishing Second Side. 
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Figure 605.—Fixtures for Holding Pyrex Disk While Grinding 
Second Side of Optical Flats. 

Polaroid Corporation 

TABLE OF APPROXIMATE STACK LENGTHS FOR VARIOUS 
METHODS OF ROUNDING 

METHOD OF ROUNDING 

BY  HAND MECHANICALLY 

DIAMETER 
on a mill    • 

on a motor on a 
cylindrical 
grinder 

on an 
edging 
•machine 

OF 

STACK 
I     with a strip with angle irons 

-        - - • •incnesi inches' ~~ -i~riuri~vS~    

%"-^-Vz" 2 — 4 tt —IK notapplicäble not applicable' 
Depends on 

w—iw 4-?- 6- IM —3 3 — 7 6 how much 

VA"-*2W 6 3 — 1% 7 — 9 6 — 9 the chucks 

2W-^6" 6 — 2 1%- not,applicable 6 — 9 
can be opened 

„       

Note that when rounding by hand oh a mill or with a strip, the length of the stack is reduced for the larger 
diameters (in, order to facilitate handling). 

Figure 606. 
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To assemble the stack, the pieces of giass 
are placed on ä metal table and heated suffi- 
ciently to melt the adhesive that is to be used. 
Adhesive is then placed pn one surface of each 
piece, except that piece which will be at one 
end of the stack. Black sealing wax is used 
for an adhesive if the diameter of the elements 
is less than % inch and stickum when they ex- 
ceed this size. A warmed right-angle prism is 
placed in oiie end of a VVblöck, to serve as a 
stop for the first piece in the stack. Then, the 
square pieces are lifted singly with tongs and 
placed in the block, one against the other, in 
much the same manner as was used in making 
the stacks of prisms as described in Chapter 4, 
Stacking. The pieces should be pressed down 
firmly into the NÄ-blöck and another right-angle 
prism placed against the last piece of the stack. 
Neither prism is waxed to the stack* This last 
prism is pressed towards the stack to insure 
that each piece of glass is perpendicular to the 
channel faces of the Vrblöck and to squeeze out 
any excess adhesive, and the stack is allowed to 
cool. When it has cooled enough to harden 
the adhesive, the prisms are removed and the 
stack is now ready for rounding. 

Preliminary Rounding on a Mill.—-When the 
stack has been made, the corners are rounded 
ön ä mill by hand, and the diameter reduced 
until it is about 0.100 inch greater than the 
finished size. To guide the operator in obtain- 
ing the proper diameter when hand rounding, 
a circle of the proper diameter can be drawn 
on each end of the stack, or a stock of the 
proper diameter can be fastened to each end. 
A more complete discussion of hand rounding 
is included in Chapter 7, Rough Grinding 
Lenses by Hand. 

Steel or Glass Strip Methods Truing the 
Chuck. — When the preliminary rounding on 
the mills has been completed, the stack is ready 
for final rounding to the finished diameter. 

In this operation, a chuck having a diameter 
equal to or slightly less than the finished diam- 
eter is fitted to the shaft, extended if necessary, 
of a small bench lathe and tested to insure that 
the face of the chuck rotates in ä plane perpen- 
dicular to the horizontal axis of the shaft. 
This can be done by starting the lathe and 
moving ä pencil which is held firmly on the 

tool rest, slowly towards the face of the chuck 
until it makes contact. If the face of the 
chuck is true, the pencil will make a complete 
cirele on it. It is advisable to make several 
tests with circles of different diameters. If the 
pencil makes a series of arcs on one side of 
the chuck face instead of complete concentric 
circles, either the chuck has not been fitted 
properly due to dirt, burrs or deformed threads, 
or the end of the chuck has not been machined 
so that it is perpendicular to the axis of rota- 
tion. When the trouble has been corrected, 
either by adjusting, the chuck or by substituting 
one that has been machined properly, it should 
be retested. The face of the chuck should be 
slightly concave, since any roughness or con- 
vexity may make it difficult to mount the stack 
properly on the chuck. 

Uniting the Stack and Chuck.—When the 
chuck is ready to receive the stack, it is placed 
on a metal table with the face upwards.. Next, 
the chuck is heated sufficiently to melt adhesive 
which is then applied to the chuck face. Then 
the stack, which has been warmed, is placed on 
the chuck, pressed down firmly and evenly, and 
Centered visually as accurately as possible. 

Truing the Stack. — After the chuck and 
stack have cooled* the assembly is mounted on 
the lathe, care being taken that the threads are 
clean and free from burrs, etc. The outer face 
of the stack is now checked in the same manner 
as the chuck face. If complete circles are ob- 
tained which are not equidistant from the edges 
of the stack, it is evident that the stack has not 
been centered properly on the chuck. In this 
case, the chuck and stack should be removed* 
the chuck reheated and the stack recentered. 
If* on the other hand, incomplete circles or arcs 
are obtained, the elements may hot be parallel 
to each other in the stack, the chuck and stack 
may hot be united properly, or the chuck itself 
may hot be mounted on the lathe properly and 
hence the geometrical axis of the stack is not 
in line with the axis of rotation of the motor 
shaft. When these faults occur, the chuck as- 
sembly should be removed and the proper cor- 
rections made. 

Final Rounding, by Motör.^-When the chuck 
and the stack have been mounted properly on 
the lathe, actual rounding can be started.   This 

XJ 
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operation is shown quite clearly in.. Figure 607. 
A tray containing the proper abrasive mixture 
is placed under the lathe bed, the face of the 
tool rest is clamped firmly in a position that is 
parallel to and level with the axis of rotation, 
and about *4 inch from the surface of the 
stack. A flat metal strip is placed between the 
too! rest and the surface öf the stack, as shown 
in Figure 607, and the motor started. The 
rounding is done by pressing the strip lightly 
against the stack with one hand while the other 

* is used to drop abrasive between the strip and 
the rotating work. The length of the stack 
should not exceed the width öTtße^itrip. 

A micrometer is used to check the diameter 
and also to guard against any tapering effect 
which would occur if the tool rest is not paral- 
lel to the axis of rotation. 

In grinding the stack down to the desired 
diameter^ progressively finer abrasive grits are 
used. When necessary #70 abrasive is used 
to grind the stack until the amount of diameter 
still to be removed is 0.190 ineh. This amount 
is the sum of the allowances for the finer rough 
grinding abrasives that follow. As shown in 
Figure 608, the decreases in diahieter allowed 
for succeeding grits are 0.100 inch for #150, 
0.060 inch for #220, 0.020 inch for FF and 
0.010 inch for FFF. 

During the grinding operation, a slight 
bowing of the stack may occur, which is cor- 
rected when grinding with the finer «abrasives, 

TABLE OF LOOSE ABRASIVES USED 
FOR ROUNDING 

T". 

ABRASIVE 

DIAMETER 
REMOVED 
BY EACH 

__A-RRA.ST5CE^ - 
inches 

DIAMETER 
REMAINING FOR 

SUBSEQUENT 
i- -. :RFM.O-V:AIT..   ._ 

inches 

#70 grit 
excess diameter 

(over 0.190) 0.190 
#150 grit     . 0.100 0.090- 
#220 grit 0.060 0.030 

FF 0:020 0;01'0 
FFF •OiOl'O 0;000 

For particle size and designation' of rough-grinding 
abrasives for flat surfaces; refer to Figure 403. 

or by moving a flat glass strip about 1-inch 
wide back and forth with a light filing motion 
across the top of the stack. 

Angle Iron Method. Preparation.—It will 
be noticed that in the method of grinding or 
rounding the stack that has just been described, 
the abrasive contacts the stack on a single line; 
Another method^ has been developed, in which 
there are four lines of contact, and which 
shortens the time required to perform this 
grinding operation considerably. This alter- 
nate method, described in the following para- 
graphs, may be used when £he_ elements: are_ 
between % inch and 244 inches in diameter, 
the top limit being the largest size that the 
operator can grip while exerting the required 
pressure. 

The stack is prepared in the same manner 
and the bench lathe is used but the tool rest is 
removed. Instead of screwing the chuck to the 
lathe shaft solidly it is connected to the shaft 
through a flexible coupling, a drawing of which 
is shown in Figure 609. In the figure the lathe 
shaft is shown at the extreme right and the 
stack arid chuck are shown at the extreihe left. 
The flexible coupling consists of a convex and 
concave portion, B and B', -which touch each 
other lightly on the curved surfaces at C, and 
are held together by ä rubber hose D, into 
whieh.they are cemented firmly. The left hand 
or concave half of the coupling G, has an ex- 
ternal thread to receive the chuck H, and the 
right hand or cqrivex half is connected to. the 
lathe shaft by means öf a solid sleeve coupling 
E. having two setscrews F. 

In this method, it is not necessary to mount 
the stack exactly in the center of the chuck, 
neither is it necessary that the face of the 
vjiiuvii.  Ass?, yx uc:vi 'pvr-X2;A€*\>l/ijr; 

Figure 608. 

Final rounding by-motor.—Instead of using 
a flat strip of metal or glass as described pre- 
viously, two pieces of angle iron are used which 
are about 2 inches shorter than the stack, äs 
shown in Figure 610. The sides of the irons 
should be of such size that the stack is not 
enclosed by them entirely, One hand is used 
to hold the angle irons around the stack and to 
move them back and forth during the; grinding 

-rj--- 
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Figure 609.--HFlexible Coupling for Bounding with Angle Irons. 

>s 

ANGLE IRONS 

Figure 610.—Rounding a Stack of Reticle Blanks on a Chuck with Angle Irons. 
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operation. The other hand is used to feed the 
abrasive to the stack through the opening be- 
tween the angle irons. 

Cleaning the Rounded Elements. — After 
the stack has been rounded to the correct diam- 
eter the elements are heated, then separated, 
and allowed to cool. Next they are soaked in 
gasoline or other suitable solvent and wiped dry 
with cheesecloth, or a trichlorethylene vapor de- 
greaser may be used to advantage as described 
in Chapter 23, Cleaning Optical Elements. 

Automatic Methods 

Elements can be rounded, not only by hand 
as has been described in the preceding para- 
graphs, but also mechanically, or, as it is some- 
times called, automatically. All machines that 
are used for rounding optical elements auto- 
matically are similar in operation and the 
particular mechanical features of a few of 
them are described below. 

American Optical Company Machinei-i- 
Wheii using this mächine, it is not necessary 
to wax the elements together. Instead, a stack,, 
which may not be more tl-ah 1% inches long, 
is mounted between two chucks, one of which 
is stationary and one movable. The movable 
chuck clamps the stack with sufficient pressure 
obtained from a spring to hold the elements in 
place. The coolant seeps in around the edges 
of the elements and aids in maintaining adhe- 
sion between them. The diameter of the ele- 
ments may vary from % inch to 1% inches. 

The rounding is done by a grinding wheel 
against which the stack is pressed as it rotates; 
This pressure is controlled by an adjustable 
chain and coil spring assembly which is con- 
nected to the carriage, while the diameter that 

_is—desirsd-^is* ^controlled— fe^-^-s-^cslifer-ated-handu 

wheel which operates on the micrometer prin- 
ciple. A stationary metal guide working 
against a circular metal template, which ro- 
tates with the chucks, controls the shape of the 
work. The grinding wheel oscillates across the 
work so that the necessity of frequent wjheel 
dressing is reduced to a minimum. 

Since two separate sets of chucks axe 
mounted on the machine, two stacks may be 
ground simultaneously. 

Shurön Optical Company Machine.—The 
specific differences between this machine (Fig? 
ure 611) and the American Optical Company 
machine can be summarized as follows: 

1. The pressure that is exerted to hold the 
work in place in the chucks is applied by a lever 
and cam arrangement instead of by a spring. 

2. The work is fed against the grinding 
wheel with a system of levers and weights in^ 
stead of by a chain and spring assembly. 

3i Uneven wear on the wheel is controlled 
by oscillating the work carriage instead of the 
grinding wheel. 

Cylindrical „Grinding Machines. Brown 
and Sharpe Company Machine.—This is known 
as a cylindrical type of grinding machine and 
is arranged to permit adjusting the infeed of 
the grinding wheel and the amount and rate of 
oscillation of the table. With this machine, the 
elements are waxed together in a stack and a 
stock or chuck,, with a countersunk center, is 
centered visually and attached to each end of it. 
After the stack has been prepared in this man- 
ner, it is mounted between the two machine 
centers and is rotated by a 'dog' connected to 
one of the stocks or chucks. 

This machine grinds the stock concentri- 
cally with the horizontal axis of rotation. 

Converted Cylindrical Grinder,.-^-A non-vi- 
brating cylindrical grinder having a taijstock 
spring which can exert considerable pressure 
can be converted for rounding glass. Headstock 
and tailstöck end plates are made by mounting 
sealed ball-bearings ön the centers, which have 
been turned down to the proper size, andethen 
placing brass caps over the bearings, as shown 
in Figure 612. 

The stack, the length of which should not be 
more than three times its diameter, is mounted 
in a loading device consisting of a simple V- 
block with adjustable ends. When thus pre- 
pared, it is placed between the end plates on the 
headstock and tailstöck so that the center line 
of the glass passes through the centers of these 
end plates. When the glass has been lined up 
properly, the tailstöck spring is released, thus 
clamping the work, the loading device is re- 
moved, and the, work is ready for grinding. 

-I 
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Polaroid Corporation 

\   Figure 612.—Rounding a Stack of Glass Plates on a Converted Cylindrical Grinder. 
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A sharp diamond wheel should be used for 
grinding in order to prevent bowing the middle 
of "the stack. After the stack has been ground 
to the desired diameter, three additional oscil- 
lations should correct any bowing or other 
deformity that may remain. 

SHAPING NON-CIRCULAR PLATES 

The methods used for processing non-cir- 
cular plates, depend on their final form. After 
the, glass has been cut to a size which will 
mcluuB~ar^>iec8-ef--the required-shape...the_two_ 
surfaces are ground flat and parallel to each 
other-and; the .piece is ready to have; the edges 
finished.- If it is to be square or rectangular 
and-the^edgesare to be perpendicular to the 
surface, a number of them are stacked and two 
adjacent sides of the stack, formed by the edges 
of the .pieces, are ground by hand so thai they 
are'perpendicular to each other and also tp the 
end surface of the stack. Then the stacks .are 
mounted on a blocking plate and the opposite 
sides arg ground parallel to those first cgrqutid. 

Plates having rounded ends can be cut with 
a circle cutter and then ground to the proper 
shape, either singly, or in stacks, using metal 
stocks as guides. A chamfer on plates having 
straight or rounded edges can be ground in the 
same manner, provided the pieces in the stack 
are canted at the proper angle. 

If corners are to be chamfered or rounded, 
the work can be done on a small mill singly or 
in a stack held either in the hands or in an 
angle plate, using metal stocks if necessary. 
However, when.the glass plates are large, cham- 

-fering-and- -rounding-are always^ dime^_smgly_ 
using metal guides if desired. 

BEVELING 

Windows, filters, and reticles are usually 
given a 45 Wangle bevel either by hand or by 
machine, each side being done individually. 
These two methods are discussed separately. 

Hand Method 

A hand beveling tool has a Concave surface 
which shpuld have a radius of 0.707 times the 

<^*. 



fiftished diameter öf the element, while the 
diameter of the tool itself must be somewhat 
larger than this diameter. From this it will 
be seen, that ä different beveling tool will be 
required for any appreciable variation in the 
diameter of the work that is to be beveled. 

Before beveling an element, the tool is 
mounted on a vertical spindle, rotated at about 
400 rpm and the proper abrasive applied. If 
the bevel is hot over 0.016 inch, FFF abrasive 
is used, while if it is more, FF abrasive gives 
better results, although it may be necessary to 
finish with FFF abrasive. 

Usually pieces % inch in diameter can be 
held in the fingers. The fore and middle fingers 

•615- 

of one hand (see Figure 618) are used to pass 
the element across the concave surface of the 
rotating tool while the thumb is used to help 
place and remove the piece. After three or 
four passes, the element is removed from the 
beveling tool, given a quarter of a turn, and 
passed across the tool again for the same num- 
ber of times. This process of grinding and 
turning is repeated until the bevel is ground to 
the desired size* the frequent turning being 
necessary to secure a uniform bevel. 

A hand method of beveling in which the 
element is rotated almost constantly by the 
fingers is discussed in Chapter 7, Rough Grind- 
ing Lenses by Hand, 

IrK 

-='} 

Figure 613.f— Position of Fingers ;for Beveling ä Circular Glass Plate by Hand. 
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If the glass is too small to hold in the fin^ 
gersr i.e., if it is fess than % inch in diameter, 
it may be held by a rubber suction cup attached 
to the end of a short stick; When held in this 
manner, the stick should be rotated constantly 
with the fingers to insure an even beveling. 

Automatic Methods 

Frankford Arsenal Machme.-^-When a ma- 
chine such as is shown in Figure 6i4,r is used 
for beveling, the work is placed iii a collet 
chuck which is set so that it makes an angle 
of 45° with the face Of the grinding wheel. 
As the chuck revolves, the wheel is brought 
into contact with the edge of the glass and thus 
grinds the bevel. The width of the bevel is 
controlled by an adjustable stop which limits 

the travel of the grinding wheel towards the 
work. 

The grinding -wheel (either carborundum or 
diamond-impregnated) is usually from 6 to 8 
inches iii diameter. The peripheral speed for 
the diamond^impregnated wheel is about 4000 
surface feet per minute, while the proper speed 
for the carborundum wheel must be determined 
by trial. 

The peripheral speed of the rotating work 
to be beveled should be about 540 surface feet 
per minute, that is, a piece which is 1 inch in 
diameter should be rotated at about 1700 rpm. 
Ordinarily water is used as a coolant. 

Vacuum Type Beveling Machine (Frank L. 
Kaltmän C6mpahy).-^A beveling machine has 
been developed in which the circular element to 

r$Ä4äa>- sfiHsrsiwtar 
!- i 

Figure 6i4,rr-Beveiirig Machine. 
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DRILLING  DIAM.  EQUIVALENT TO 
b I AM DRILL GAUGE -^=^ 

CUTTING EDGE   TO BE 
GROUND AND SHARPENED 
TO A ,6" RADIUS - EDGES 
TO- BE SHARP  AT  60* 
ANGLE 

Figure 616.^Firthite Drill. 
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Figure 617.—Core Drill. 

r^z&zzn****'*"** 



619 

be Beveled is held in place by suction. This is 
accomplished by using a hollow spindle for hold- 
ing the chuck on which the work is mounted. 
A vacuum line is connected to the outer end of 
this spindle by means of a swivel joint and the 
chuck is drilled through its axis to bring the 
vacuum line up to the glass itself. When a fiat 
surface is to be placed against the chuck, as in 
the case of a round piece with two piano sur- 
faces, the chuck is faced off perpendicular to 
the axis of rotation. 

If a curved surface is to be placed against 
the chuck a surface similar to that used for 
centering or with a complementary radius is 
turned on the face of the chuck. In order to 
provide an air tight contact between the face 
of the chuck and the glass, the surface of the 
chuck is covered with ä thin layer of rubber of 
its equivalent. This insures, ä vacuum strong 
enough to hold the piece in place on the chuck 
during the grinding operation, 

The unit holding the glass is set at such an 
angle that;the desired bevel will be obtained 
when the rotating work is brought into contact 
slowly with the grinding wheel. 

Curve Generating Machine. -^ Excellent 
bevels oh circular pieces of glass may be 
produced with ä curve generating machine 
(Figure 61o):, by following the methods of 
operation of this machine described- in Chap- 
ter 8, Rough Grinding Lenses with Automatic 
Machinery. The only special precautions that 
must be taken are to make certain that the 
work does not move laterally during the grinds 
irig operation, and that the recess into which 
the glass fits is concentric with the vertical 
axis of the machine. 

DRILLING HOLES 

A hole or, in some cases, a number of holes, 
must be ground into certain elements. 

Types of Drills. —The holes may be cut 
with any of the following types of specially 
designed drills. 

1. Firthite drill (Figure 616). 
2. Diamond drill. 
3. Diamond-impregnated core drill. 
4. Core drill with an abrasive mixture 

(Figure 617)-. 
Methods.-^For cutting holes under 14 inch 

in diameter, a triangular Firthite drill, an 
eyample of which is shown in Figure 616, or 
one of the diamond drills is used. The drill is 
submerged in a coolant while grinding, the 
coolant used for the Firthite drill being one 
part lard oil and three parts turpentine, and 
for the diamond tools any ordinary water-sol- 
uble oil. 

For drilling larger holes, a core drill sim- 
ilar to that shown in Figure 617, is used. It 
consists of a piece of brass tubing about 4 
inches in length and with 14 inch by 1*4 inch 
fluting. The side is cut out so that #220 abra- 
sive can be fed into the tube while it is rotating. 
Because this drill grinds with a loose abrasive; 
allowance must be made for the fact that the 
hole will be somewhat larger than the drill-. 

The drill is held in a drill press which is 
adjusted to its lowest speed and the drill is 
brought down gently into contact with the 
glass. Very light pressure is applied in order 
to prevent chipping around the edges of the 
hole. 

•*?. ---t-Vf;* 
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CHAPTER 7 

ROUGH GRINDING LENSES BY HAND 
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Slab Glass Procedure. 

Forming Disks. 

Determining the Thickness. 

Double-convex Lenses. 

D.ouble^concave Lenses. 

Concave-convex Lenses. 

Plano-convex Lenses. 

Plano-concave Lenses. 

Grinding to Thickness. 

Tyro Methods; of Surfacing First Side. 

(1) By Hand. 

(2) Ön a Plate. 

Mounting and Grinding Second Side. 

Märking the Slab for Gutting. 

Squares. 

Irregular Pieces. 

Gutting. 

Squares. 

Irregular Pieces. 

Breaking off Corners. 

Stacking; 

Squares. 

Irregular Pieces; 

Locating the Stocks or Circles. 

Rounding to Diameter. 

With Stocks. 

With Circles. 
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The purpose of rough grinding lens blanks 
is to form the glass until it has the correct 
curvatures and axial thickness for further 
grinding with finer abrasives 

The term, 'rough grinding', should not 
mislead the reader into supposing that this 
operation requires little accuracy, as the later 
operations of fine grinding and polishing (see 
Chapter 12) are dependent upon correct rough 
grinding. 

Several operations are necessary, in the 
processing of slab glass to form it into disks, 
that are not performed on pressings. However, 
when rough grinding has b( lens 
blank has the same form regardless of whether 
it was a slab or a pressing originally. 

Lens blanks may be formed by hand grind- 
ing with loose abrasives using a process similar 
to that described for grinding prisms in Chap^ 
ter 4. However, mechanical methods are super- 
seding hand work rapidly, particularly in the 
initial stages. These newer methods are de- 
scribed iii Chapter 8. 

The abrasives used in grinding lens blanks 
cause the tool to wear, although not as quickly 
äs the glass. The operator must keep this wear 
of the tool in mind, since the shape of the sur- 
face of the blank is determined by the shape of 
the tool. If the desired lens curvature cannot 
be obtained, the toot is checked with ä radius 
gage and then corrected. 

When grinding lens blanks singly, each 
blank is held in a 'spinner' (Figure 705) for 
grinding with a tool (Figure 706) which may 
be concave, convex, or flat depending upon the 
curvature desired. For convex surfaces, the 
operator must decide whether the spinner (Fig- 
ure 705) should be fitted with a 'spivey' (pro- 
nounced spiv'ee) or a sleeve. 

Though the majority of lenses are made 
from pressings, slab glass is used to some 
extent. Therefore, this chapter describes the 
working of lens blanks from slab glass* i.e., 
cutting the glass into squares, forming the 
squares into disks, and the roughing operations 
on each surface. From this point oil?-the. proc- 
essing of blanks made from slabs;-and from 
pressings is identical. 

Lens blanks may be rough ground either 
singly or in multiple, the latter by mounting 
them on spherical metal blocks. 

The disk or pressing is usually ground ini- 
tially with a very coarse abrasive; however, the 
volume of giass to be removed is the factor 
which determines the particle size of the initial 
abrasive to be used (see table, Figure 403). 

SLAB GLASS PROCEDURE 
Forming Disks 

Determining the Thickness, r— Before pro- 
ceeding with the grinding, it is necessary to 
determine the proper thickness to= which the 
slab must be ground. Methods for computing 
this thickness, which vary with the type of' 
•lens, are as follows: 

Döuble^cönvex Lenses.—Add Oi016 inch to 
the finished axial thickness of the leiis; 

Doublerconcave Lenses.-^Add 0.020 inch to 
the sum of the axial depths' of each concave 
surface and the axial thickness. A convenient 
formula for calculating the axial depth or altir 
tude of a concave surface segment can be 
written: 

h = R -vfw? (6) 
where 

h = the axial depth (or segmental altitude) 
of a particular concave curve oi? sur- 
face 

R — the radius of the curve or surface 
r ==1/2 (the final diameter of the lens; + an 

allowance for centering and edging) 
Concave-convex Lenses.-^Add 0.020 inch to 

the finished axial thickness Of the lens, in- 
creased by the axial depth of the concave sur- 
face computed as in the preceding paragraph. 

Plano-convex Lenses.~-Add 0.01Ö inch to 
the. finished ajdMÄickiiess of -the leris-. — 

Plano-concave Lemss.—Add 0.013 inch to 
the sum of the axial depth of the concave sur- 
face and the finished axial, thickness of the 
lens. 

Grinding to Thickness. Two Methods of 
Surfacing First Side. (1) By Hand. —r- A 
straightedge is used to select the surface Of the 
slab which more nearly approaches a plane. 
This surface is then ground upon ä miti by 
hand, until it is plane.   The sizes of abrasives 

~W^1 • ^Trr^s^^WW^n^T^" 



704 

used depend upon the flaws in the stiffäce arid 
how closely it approaches ä plane. Iri all cases, 
however, FFF abrasive or its equivalent is 
used for the final rough grinding. The surfaces 
should be cleaned and the. straightedge placed 
over diagonally opposite corners when testing. 

•.(2) On a Plate. — Slabs having excess 
thickness and with one side dose to being 
plane are mounted with this side in contact 
with ä blocking plate as described below arid 
the second side is ground. The thickest slabs 
or portions of the slabs are mounted oh the 
outer edges of the plate and the block is ground 
until the surfaces are plane, free from defects, 
and the slabs are of an almost uniform thickr 
ness. After the plate has been heated suffi- 
ciently, the slabs are removed, cleaned and then 
processed further äs outlined belpw. 

Mounting and Grinding Second Side.-^-The 
gKourid sides are mounted with stickum or 
beeswax on ä blocking plate and ground to 
the desired thickness ,as computed above. The 
pieces are mounted symmetrically on the block, 
with control pieces or 'markers' for checking 
the thickness extending over the edge at quad- 
rant points. 

The procedure for mounting is the same as 
that described for prisms in Chapter 4. The 
same abrasive grades are used to finish the 

second surface äs af-e used' for the first side. 
After grinding, the block is reheated and the 
slabs removed, degreased, arid cleaned. 

Marking the Slab for Cutting, Squares.-^ 
The size of the squares depends upon the final 
diameter, and the allowances needed for cut- 
ting and rounding, and for centering and 
edging. The allowance for cutting and round- 
ing permits the correction of irregular edges 
resulting from cutting and provides for the 
grinding necessary to produce a rounded stack. 
Slabs about % inch thick require only an allow-: 
ance of about % inch for cutting and rounding 
while greater thicknesses require more. The 
minimum allowance for centering and edging 
is usually 0.100 inch ori the diameter, but lenses 
of large diameter or & long radius of curvature 
require more. A scale arid pericil are used to 
mark the slabs into squares of the proper size 
as shown in Figure 701 (a). 

Irregular' Pieces.—-It is sometimes possible 
to get more leris blanks from a slab of glass 
by cutting it into* irregulär pieces marked with 
one or riiöfe circles, as illustrated in Figure 
701(b). Circles of the required diameter are 
drawn with a teiriplate on the surface of the 
slab. These circles should be placed far enough 
apart to allow for cutting arid rounding, arid to 
avoid fnaking sharp turns between the circles 
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(ä) Square Pieces (h) Irregular Pieces 

Figure, 701.^Two Methods of Märking ä Square Piece of Giass for Obtaining Smaller 
Pieces to be Made into Round Elements; 

The digits indicate a suitable sequence for cutting., Where the same designation is 
repeated, the sequence is'optional.   Note that for the proportions chösen two more 
pieces may be obtained i>y marking and scribing as shown Iri the irregular pattern. 
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when using a scribe. When the layout of circles 
has been, completed, lines are drawn to indicate 
where the cuts are to be made. Ordinarily, 
these cutting lines are drawn midway between 
the circles, but small deviations from this prac- 
tice are .permissible in order to provide for 
straighter cuts. 

Cutting« Squqres.-^A glass cutter such as 
can be purchased in most hardware stores is 
used to scribe the surface. Each line scribed 
should be as short as possible and between 
equal areas of glass. If the area is not equal 
on each side, the cut sometimes deviates from 
a straight line and passes through the smaller 
area. Moreover, scribed lines should not inter- 
sect. When scribed lines cross each other, the 
break sometimes cuts across a corner and takes 
the path of the intersecting line. If cross 
breaks are required, first scribe and break in 
oiie direction, then cross-ascribe and break in 
the other direction. 

TMn glass can be broken with a bending 
motion of the thumb and index finger oil each 
side of the scribing, but it is necessary to tarn 
thicker glass over and tap it with ä small ham- 
mer above the scribed line. It may be neces- 
sary to wet the surface in order to see the line. 

Glass greater than y%: inch in thickness 
usually requires mechanical cutting. 

Irregular Pieces.—After the lilies have been 
drawn, scribings are made which do not inter- 
sect. Lines nearest the corners are the first 
to be scribed and these corners are then ready 
to be cut from the slab. The slab is turned 
over and tapped with a small hammer at a 
point oh the line which is between and nearest 
any two circles. 

The tapping should be continued only until 
the fissure reaches about halfway up to the 
surface being tapped. This tapping shöuia be 
localized and repeated at any point on the line 
where it is close to a circle. Each fissure is 
then caused to spread, by alternately tapping 
directly over each end of the fissure. 

After the corner cuts have 4II- been made the 
remaining area is cut into strips and pieces in 
some such sequence as is shown in Figure 701; 
As far as possible the successive scribing, lines 
(and cuts) are short,, divide equal areas, and 
do hot intersect. 

Breaking off Corners.—Jn laying out slab 
glass for large lenses, it is advisable' to use a 
template and, after cutting the squares, to re- 
move most of the excess glass at the corners 
with a pair of pliers or in a vise. The operator 
should wear safety goggles and gloves when so 
removing the excess glass. 

When using pliers, the slab is placed on & 
fiat bench top with the corner to be removed 
overhanging the edge. Holding the slab on the 
bench with the left hand, the pliers are damped 
on the corner with the right hand and the 
corner is broken off with a sudden and swift 
downward motion. 

Breaking the corners in a vise is similar to 
breaking with pliers. The corner to be broken 
is placed between the jaws of the vise which 
have been covered with cloth previously, and 
the jaws closed until they make ä light contact 
with the glass. Holding the piece with the left 
hand, it is hit with the heel of the right hand, 
using a sudden and swift inward and upward 
movement. No attempt should be made to 
break the glass close to the circle since the 
break usually will not be perpendicular to the 
surfaces. 

Stacking. Squares.—'Some workers mark 
on each piece the 'best' corner*, namely, the 
corner which includes the angle nearest 90° 
(or other desired angle). 

A hot table or electric hot plate is covered 
with a paper towel, and the pieces, arranged on 
it neatly* are heated slowly until stickum will 
flow oh the surfaces in a thin layer. Several 
90° V-plates, and a pair of tongs or twgezers 
are arranged nearby. Oil-surfaced paper is 
creased lengthwise and placed in the grooves 
of a. './-plate whose channels should be deep 
enough to give the necessary support to the 
stack. The paper need extend only about y^ 
inch above the sides of the stack. Then a thin 
layer of stickum is applied to one surface of all 
pieces except the last piece for each stack. 

After ä rejected prisni, which has been 
warmed previously, has been placed in one eifd 
of a channel, a piece is picked up with the tongs 
and placed in the channel with the best corner 
down and the sticlcum-free Surface facing the 
prism and touching it; Then a second piece 
of glass is placed against the first with its 
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stiekum-free surface likewise facing towards 
the prism. This process is continued, until the 
stack has reached a length of about 6 inches, 
after which a stickum-free piece of glass is 
plaeed against the stack, followed by another 
heated prism. The second prism is how pressed 
against the stack to force out any excess 
stickum while each individual piece of glass is 
pushed down against the channel faces of the 
V%plate with ä wooden stick. After the stack 
has been formed in this manner, it is allowed 
to cool and is removed from the block. The 
paper is then removed from the stack with a 
few short pulls. 

Octagonal pieces also may be assembled into 
stacks using the same procedure. 

Irregular Pieces.—With irregular pieces it 
is necessary sometimes either to round each 
piece down roughly on a mill to ä safe distance 
from the circle, or to grind flats perpendicular 
to each other on two adjacent edges of each 
piece at a safe distance from the circle. Having 
done this, the pieces can be stacked with these 
flat edges in contact with the faces of the V- 
plate. The stacking procedure is the same as 
that for square pieces; 

Locating the Stocks or Circles. -^ Either 
metal stocks waxed on the ends or circles 
drawn around ä template with a pencil may 

•be used as guides for the rounding operation 
which follows. In either case* the diameter of 
the stocks or template should include an allow- 
ance for centering and edging. Metal stocks, 
14 inch thick .and turned to the proper diah> 
eter, are heated and a thin layer of stickum is 
applied to each. The stack, still slightly wärm, 
is set tip on one end. A stock is picked up with 
the tongs and placed on the center of the end 
surface* or perhaps slightly nearer the best 
cjarjieri After the. gtifikum has set,, the ..stack 
is inverted and a stock is placed on the other 
end. 

Care should be taken to* insure that the 
center of each circle or the axis of each stock 
is ön the same straight line, which should be 
perpendicular to the plane surfaces of the glass. 
If this precaution is not taken; the edges of the 
glass will not be ät right angles to the plane 
surfaces after the rounding has been completed. 
If the stack is placed On end with the first stock 

down, the second stock can be located by. sight- 
ing alternately from the two adjacent best 
sides while visualizing the wall of the lower 
stock as projecting up to the top surface,, and 
by moving the upper stock accordingly. Or 
using an alternative method, if a reasonably 
flat area parallel to the axis and at the specified 
angle to the other side is ground on each of 
two adjacent sides of the stack, the edge of a 
scale may be held against first one of these 
sides and then the other as a guide for placing 
the second stock. 

Rounding to Diameter. With Stocks. —^_ 
The most uniform side of the stack is ground 
until it is flat, equidistant from the stocks on 
each end, and with an allowance for further 
grinding with finer abrasive without contacting 
the stocks. The next better adjacent side is 
processed in the same manner,- and approxi-r 
mately at right angles to the first side. Then 
the remaining sides are ground. After all 
sides have been ground approximately ät right 
angles to each other, the corners of the stack 
are ground off. To do this, one of the length- 
wise edges of the stack is placed on the mill 
with the diagonal from the lowest to- the high- 
est corner of the end face perpendicular to the 
surface of the mill. The edge is ground until 
ä new side is produced and at the same distance 
(as the original four sides) from the stock. 
Control over the grinding caii be obtained by 
observing the approach of the stock to the mill 
surface. After repeating this procedure for 
the other three edges, the stack will be octag- 
onal, (see stack ät right in Figure 702); This 
procedure is repeated for all corners thereby 
increasing the number of sides to sixteen. The 
stack is now ready for rounding. The round- 
ing is done corner by coiner, taking care to 
complete one before proceeding to another in 
order to detect defects öf rounding while they 
are easiest to locate. 

The rounding is performed by 'rolling', i.e., 
by placing the hands with the fingers over and 
on the far side of the stack, the thumbs on, the 
near side* and giving a twisting motion down 
and under with each hand alternately so the 
direction is opposed to that of the rotation of 
the mill. The progress Of the rounding should 
be observed frequently by removing the stack 

1 
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CONVEX 
RADIUS  GAGE 

COUGME 
RADIUS  GAGE 

LENS   BLANK 

GRINDING 
TOOL 

(a;) Concave Grinding Tool Should be 'Low' to 
the Convex Gage-^-i.e,, Weaker, Flatter, or of 
Slightly Greater Radius thanthe Convex Gage. 

(b) Convex Lens Surface Should be 'Low' to 
the Concave Gage^-t\es, Weaker, Flatter, or of 
Slightly Greater Radius than the Concave Gage. 

Figure 704;—Radius Gages for Checkingthe-Grinding of Convex Lens Surfaces. 

f 

to one side arid then to the Other,, on the surface 
of the tool; 

If the difference is not unifqriii, the tool 
must have some netal removed to correct it 
The curvature of the tool can, also be deter- 
mined by checking the blank ground oh. it. 
(See Chapter 12.) 

Correction^—Minor correction of the rough 
grinding, tool may be hiäde by rubbing an abra- 
sive stone across the surface to be removed* 
while the tool is revolving in the machine. The 
contairier of abrasive used for grinding should 
be placed to one side before the correction 
operation starts in order to protect its con- 
tents from contamination. 

Greater irregularities in the surface must 
be corrected by mounting the tool in. ä lathe. 
While an abrasive stone may be used for small 
cuts* deeper ones require a round nöse, steel 
file. A tool grinder is used to round the nose 
of the file which may be ground either semi^ 
circular or, for a long radius, close to the 
desired radius of the tool. 

The tool is checked again with the proper 
radius gage arid the boundaries of the incorrect 
portions are marked with ä crayon. The tool 
is then rotated and äs it rotates, the surface 
between the boundaries, üe., the surface to be 
corrected, is filled in with crayon, A cut is 
taken, across this surface which will remove the 
marking and also söirie of the metal. The tool 
rest should be placed near the surface to be 

corrected and on the hear side of the center of 
rotation. The right hand is used to hold the 
file by the handle and to guide it, while the left 
hand is used to hold it firmly oil the tool rest 
and allow it to pivot there. When it is possible 
to do so, some workers prefer to make a shears 
ing cut by raising one edge of the file- After 
each cut, the surface of the tool is checked, and 
if necessary the high places are marked again 
and cut. This process is continued until the 
desired curvature has been obtained. 

Probably the most difficult surface to correct 
is, a 'wavy' surface which is not only related to, 
the gage improperly, but the points of contact 
between^ the gage and the tool on the edge 
change äs the tool is rotated* For example, ä 
gage placed properly on a concave tool may 
make contact at the upper left edge of the tool 
arid also at a point midway between the center 
and the upper right edge; and after rotating 
the tool 60ö about its axis> the gäge may iriäke 
contact on the tool onerthird of the distance 
uowxi uii i:he left Eiiu jlist xo the fight of center. 
These points of contact are usually the crests 
öf the waves in the surface. To correct this 
type of surf ace* the file is moved in slowly until 
it begins to cut, the cutting action being of a 
chipping nature äs long äs ä trace of the wave 
reriiäins. The file may have to be moved; in- 
ward at differeftt periods and along the surface 
to remove all traces of the wave or waves. 
When checking after reshaping* the tool still 
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may not have the proper curvature, but the 
difference between the gage and the tool at 
corresponding points and for any position of 
rotation Of the tool should be the same. Only 
even cuts at the proper places should be re- 
quired to form the tool until the curvature is 
uniform and related properly to the gage. A 
wavy surface is usually the result of an uncon- 
scious raising and lowering of the file handle 
when the tooi rest is too far from the surface. 

The (doub]e-curye' in another type of defec- 
tive tool surface. The curvature of one section 
of the surface is of one radius and the curva- 
ture of the remaining section is of another. 
This defect requires less skill to correct than 
the wavy surface; 

To shape a tool to a. curvature nearer that 
of the gsge, the greatest amount of metal is 
removed where contact is made when the gage 
is "placed in the proper position, and smaller 
amounts as the point of points are approached 
where the light showing between the gage and 

the tool is greatest. Hence, the least metal is 
removed where the greatest amount of light is 
showing. The reverse is true when the curva- 
ture is to be farther from that of the gage. 

Setup.—After the rounded stacks have been 
separated, the tool has been shaped and a 
spinner (see Figure 705) has been made which 
will fit the rounded element, the spherical sur- 
face is ready to be ground. The proper radius 
gages, a micrometer, a pan of clean water, the 
spinner, a magnifying glass, a piece of clean 
cloth, and a brush for applying the abrasive 
mixture to the tool are arranged within easy 
reach (see Figure 708). 

Usually the coarser abrasive is placed in 
the pan through which the machine spindle 
projects, While the finer abrasive and water is 
placed in a jar near the tool. The size of the 
abrasive chosen for the initial grinding of the 
curvature depends upon the volume of glass to 
be removed. 

•*.*' 

txl 

SPWEY 

SPINNER 

^-LENS  BLANKS 
BRASS 

LENS   BLANK 

(ä) Plain Spinner for 
GrhuSing a. Concave or 
Plane Surface 

(b) Plain Spinner 
fcr Grinding a 
'Gehyex Surface 

(c)  Sleeve Spinner' 
for Grinding a 
Convex Surface 

Figure 705.—Plain and Sleeve Spinners for Holding Lens Blanks While Hand Grinding. 
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Figure 706,-^Machine Setup for Rough Grinding a Convex Spherical Surface. 

The arm and pin are adjusted so that the 
arm clears the edge of the pan by an inch or 
two when at the lower extremity of the sweep. 
The pin, when in position in the spinner cover- 
ing a Isiis, should pass over the -center of r.otar 
tion of the tool. Rough grinding tools are 
always mounted in the spindle. 

Whether a plain spinner or a sleeve spinner 
is to be used to hold the lens blank during the 
grinding operations depends on certain inter- 
relationships of the dimensions of the lens, the 
spinner that it is proposed to use and, whether 
the blank is formed or has been made from 
slab glass. 

Some formulas that can be used for select- 
ing the prqper type of spinner, which are based 
on the interrelation-ships öf these various di- 
mensions, are given in Figure 707. The mean- 
ing ot the symbols that. Arg used is given in tb,e 
upper right hand corner of the figure; The 
directions, numbered 3 to 4, for using the for- 
mulas, are given immediately below them. It 
should be noted that if direction No. 1 indicates 
that a sieeve spinner should be used, it should 
be checked with direction No. 2 before work is 
started. Furthermore, it should be remembered 
that a plain spinner is used only when the 
formulas do iipt indicate that a sleeve spinner 
is necessary.   The symbol "X" when used in 
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either "Y" column in the table of formulas, is 
the value of "X" obtained from the appropriate 
formula given under the: corresponding "X" 
column. The interpretation of the symbol for 
infinity (oo) used in column "Y" for a plane or 
concave element of slab glass is that the value 
of "Y" can be disregarded for this group of 
elements and the determination of whether or 
not a sleeve spinner is to be used will depend 
only on the value of the formula given under 
slab glass in column "X" for a plane or concave 
element^ 'x'he table at the bottom of Figure 707 
gives four exäinples showing data and calcula- 
tions for typical elements, and in the last coU 
umn, the type of spinner that should be used 
as determined by evaluating the formulas. 

Grinding Convex Surfaces.^-BefPre start- 
ing to grind the surface, mark the central area 
with a china-marking peneik By noting the 
reduction in size of these markings, as the 
grinding progresses, the operator can estimate 
the amount of grinding still to be done and can 
determine when the lens- blank is ready for the 
next finer abrasive. The axial thickness does 
not change so long as ä crayon spot remains, 
since the surface under the spot is still a por- 
tion of the original plane surface. 

A long radius of curvature makes it fteces^ 
sary to leave ä larger spot after each abrasive 
than is necessary when grinding ä lens of short 
radius of curvature. The spot should be re^ 
moved with the final abrasive (FFF abrasive 
or its equivalent) that is used previous to fine 
grinding. The thickness must be checked with 
a micrometer once the spot has been removed. 
When the thickness is excessive and nö spots 
are used, the amount of glass to be removed 
and the proper abrasive or its equivalent to be 
used may be determined by referi ing to -Fig- 
Ore Wo. However, it may be possible tö allow 
slightly less amounts for grinding with each 
abrasive, provided the surface is inspected with 
a magnifying glass to determine whether each 
abrasive, especially the last* has removed the 
pits caused by the preceding one. The abrasive 
and water mixture is applied to. the surface of 
the rotating tool with the brush. With a blank 
in the spinner and the tool at rest, the blank 
and spinner are placed on the surface pf the 
tool under the pin and the tool is started.  This 

in turn causes the blank to rotate; Ah oscil- 
lating motion is applied to the handle of the 
arm with the left hand to aid the action and 
reduce the danger of excessive wear on any one 
part of the tool. To avoid grinding the lens 
blank so it is prismatic (see Figure 1306) it is 
important that the blank spin. Therefore if 
the blank ceases to spin, the machine should be 
stopped and the cause ascertained and cor- 
rected. The difficulty may be due to the point 
of the pin haying worn dull, or the spivey hole 
being worn too deep or having become filled 
with abrasive. 

Coarse abrasives are used to remove large 
amounts of glass rapidly and to shape the 
blank, Finer abrasives are used to reduce pits 
and light-scratches. The finer abrasives should 
not be used to remove deep scratches caused by 
the coarser abrasives. Such scratches should 
be removed by regrinding with the coarser 
abrasives. The abrasive is applied to the tool 
as needed and each application is allowed to 
'break down' before the next application is 
made; This 'breaking down' is most important 
towards the completion of the particular abra- 
sive grind since the final surface is then much 
finer than it would be otherwise. 

After grinding for a short period the first 
lens blank is washed in the pan of water, dried 
with the cloth and the curvature of the surface 
checked with the proper concave gage. The 
observer should be able to see light passing 
between the gage and the blank at and around 
the center. Slight changes in the radius of the 
blank will result if the grinding is confined to 
one section of the grinding tool. Continued 
sweeping of the work over the lower portion of 
a concave tool will cause that portion tp wear 
away, and, as a result, reduce the radius of 
the tool and consequently reduce the radius of 
lenses ground upon the topi. Conversely work-r 
ing the blank pn the outer section of a concave 
tool will wear away that section thus slightly 
lengthening, the radius of the tool and the 
blank. The amount pf sweep should be kept 
uniform and of great enough length to prevent 
excessive wear in one particular portion Pf the 
tool. It should be remembered that the surface 
speed of the topi is greater at greater distances 
frpm the center pf rotation. 

.?* £-* *'•: •&? 
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. If tiie curvature of the lens blank, becomes 

top close to the gage, because the grinding has 
been done near the bottom of a concave tool, it 
can be restored by moving the center of oscilla- 
tion (sweep) up the surface of- the tool äs 
necessary. The length of sweep may be kept 
the same, but should overlap a portion, in. this 
case the upper portion, of the section worked 
previously. This movement of the center of 
oscillation up the surface of the tool may be 
continued until the top of the tool has been 
reached^ The edge of the lens blank may be 
swept over the edge of the tool to prOjuüee the 
'low' surface desired. Eventually, wear of the 
tool at the edge makes it necessary to move the 
Center of oscillation toward the bottom, making 
sure with each new change to overlap the por- 
tion previously woViced. This manner of work- 
ing should keep the tool in shape for each 
particular abrasive, and by applying the same 
principles it cah be given the curvature desired 
when working with the iiext finer abrasive. 
Although constant sweeping near the bottom of 
a concave tool tends to produce a shorter radius 
of curvature oil the blank, and sweeping near 
the top a longer radius, nevertheless grinding 
at any point will affect the radius to some 
extent. The curvature of the blank should be 
checked frequently with the proper gage, espe- 
cially after each abrasive stage. Special care 
must be taken when approaching the prescribed 
thickness to avoid removing too much glass, 
thus making the lens undersize; The lens biank 
should be kept 'low' or 'weak' to the gage, i.e., 
of slighly greater radius than the gage. With 
each successive abrasive, the radius of curva- 
ture of the blank should be brought nearer to 
the prescribed radius, with the final abrasive 
making the curvature only slightly longer in 
radius than that of the locating shell. The 
pencil spot is removed with the final abrasive 
leaving an allowance of about 0.010 inch over 
the final axial thickiiess for fine grinding and 
polishing (see Ghapter 12). 

If, when comparing the convex blank with 
ä gage, the center of the blank is lower than 
the gage, that is, does not touch it, the blank 
is 'low' or 'weak' to the gage, if the gage con- 
tacts the center of the blank only, the blank is 
'high' or 'strong' to the gage.   A spherömeter 

V£>r 

set for the desired radius is convenient and 
easy to Use for checking the radius of curvature 
of ä blank that is being rough ground (Fig- 
ure 708). 

Beveling.^-Beveling (sometimes called 
chamfering) is an operation to remove sharp 
edges and thus produce stronger edges which 
will not chip easily. 

Although it may be necessary to bevel both 
sides before grinding either, it is customary 
first to bevel one side and rough grind the 
other. Then the ground side is beveled äsd the 
second side is ground. Both surfaces should 
be beveled before backing and blocking the lens 
blanks for fine grinding. 

••*• 

Universal CämeräCörjiorätion 

Figure 708.~Spherönicter Used for Gaging Lens 
Curvature. 
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A concave tool (having an aperture of about 
120°) is always used for beveling. The curva- 
ture of the tool* which is of a shorter radius than 
that of the spherical surface of the lens, pro- 
duces ä bevel which is also a spherical surface; 
however, since this surface covers such ä small 
arc, it is considered to be flat. Lens blanks 
may be beveled on the same machine that is 
used to grind the spherical surfaces. When 
beveling is done as a manual operation, which 
is usually the case, the mächine arm is hot 
used. 

While the size of the bevel is not as critical 
as that ground on after centering and edging, 
it should be large enough to fulfill its purpose 
and not so large that any portion will remain 
after the final edging. A bevel of about 0.020 
inch is usually sufficient for a lens blank having 
an allowance Of 0.100 inch for centering and 
edging. Although this may be measured from 
the edge inward, it is preferable to measure the 
aperture, (i.e., the lens diameter inside the 
bevel) and to consider the bevel as one half 
the difference between the aperture and the 
Over-all diameter. 

Specifications generally require a bevel of a 
certain size or angle, the most common being 
one whose angle is 45°. Although the bevel is 
considered to be conical, it is actually spherical. 
The radius of the beveling tool necesäary to 
produce a be el of any desired angle can be 
determined from the following formula: 

4  (7) 
2 cos A 

where 
r = radius of the concave beveling tool 
d = diameter of the glass element 
A = angle which the bevel makes with 

the axis of the lens 
When a 45° bevel is desired, that is, vhen 

A == 45°, the formula becomes 
r = 0.707 xd (8) 

In using either formula, jt must be remem- 
bered that a convex surface must be beveled at 
an angle which will assure that the beveling 
tool is high to the surface of the lens blank, 
and consequently will touch this surface only 
at the edge. The limit is reached* when the 
radius Of curvature of the iens blank surface 

approaches that of the "beveling tool. Before 
this limit is reached the steepness of "Ehe bevel 
angle is increased, agaih creating ä condition 
where the tool will be high to the lens blank 
surface. 

For beveling fiat or concave surfaces both 
of the above formulas apply without any re- 
striction; 

The bevels are ground usually with FFF 
abrasive or an equivalent. If the diameter of 
the blank is much greater than the final diam-r 
eter of the lens and a large bevel is desired, 
FF abrasive or its equivalent may be used for 
the initial grinding and FFF abrasive or its 
equivalent used for finishing the bevel. 

The method of beveling and the various ways 
of holding circular glass plates while beveling, 
äs described in Chapter 6, may be used for 
lens blanks. 

When the blank cannot be held with the 
fingers it may be necessary to use a suction 
cup, and if this is not possible due to curvature, 
it can be mounted on the end of ä stick with 
stickum. 

When the blank is held with the fingers for 
beveling, the following method may be used: 

The blank is held with the thumb and first 
two fingers of the left hand on opposite sides, 
and it is placed on the surface of the; tool with 
about one third of the lens projecting above its 
rim. The thumb is placed below the projecting 
surface while the first on<e or two fingers rest 
on and over the center of the top surface. The 
thumb of the right hand is placed on the upper- 
most edge of the blank a short distance to the 
right of the center. The first finger of the-säme 
hand should rest on the upper surface, but near 
the lowest edge of the blank. The right hand 
is used to rotate the blank. The left hand is 
used to hold the blank during the short period 
when the right hand is not causing it to rotate^ 
During rotation the left thumb should be re^- 
faxed. The finger or fingers of the left hand 
a<?t as- ä guide between which the surfaces near 
the edge will pass, and their tips should form 
a center about which the blank can be rotated. 

During the short period that the left hand is 
acting as ä guide, the thumb of the right, hand, 
while still on the edge of the bläftk, should push 
to the left, until the thumb is fully extended. 

-."•1~y«r-..Är22SSfeS3S»K^SgS 
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At the same time,, the first finger, which has 
been extended, is kept in contact and pulled 
upward toward the rim of" the tool with an 
arc-like motion until it touches the thumb. 
When the thumb and finger of the right hand 
have reached the limits of their movement, the 
blank is held with the thumb and finger or 
fingers of the left hand, while the thumb and 
finger of the right hand return to their original 
location to repeat the process. 

This method of beveling makes it necessary 
to correct,the tool frequently, because its cur- 
vature becomes longer due to all the wearing 
being done öh thö upper portion where the 
surface speed is greater. This method is very 
satisfactory in spite of the frequent correction 
of the tool that is necessary. 

Chipping can be avoided during beveling, if 
the surface of the tool is smooth and if the 
initial pressure is light. The pressure may be 
increased as the bevel is formed. 

Grinding Concave Surfaces Singly 

The operation and procedure for grinding 
concave lens blanks differ from those for con- 
vex blanks in some respects and it is only these 
differences which will be discussed here. 

Beveling.^-It is usually necessary to bevel 
both sides of ä blank before rough grinding 
concave surfaces, because most such curves are 
ground in flint glass, which chips more easily 
than «rown glass; 

If the bevels are the correct size, the first 
concave curve may be ground to meet the bevel* 
thus eliminating the necessity for rebeveling 
the first side. This may necessitate grinding 
away the greater part of the bevel oh the other 
side in order to, obtain the desired thickness., 
.AH-JnrwievTn.At-—rnhxr .oaam-ncalaea^n-.Köirol -'this^side- 

before grinding the curvature, it is a safer 
procedure to follow. 

Before starting to fine grind in preparation 
f or polishing, it is necessary that both sides, of 
the blank be beveled. The procedure for bevel- 
ing is the same as for. convex blanks, and the 
same formula can be used to determine the 

" radius of Jhe beveling tool. 
Grinding Topi.—A convex tool (see Figure 

703) is used to grind a concave surface, and 

like the tools used for convex blanks, it can be 
made of cast brass, bronze, iron, or meehanite. 

Cui^ature.-^-The radius of curvature of the 
tool should be slightly shorter than the final 
radius of curvature of the lens for the same 
reason that convex blanks are ground with a 
tool of a longer radius of curvature, i.e., in 
order that the grinding may be from the edge 
of the blaiik inward with each successively 
finer abrasive used. Such a tool produces ä 
surface which is again 'high' or 'strong' to the 
gage; With each successively finer abrasive, 
the radius of the tool should be slightly longer. 

Checking.^-A concave radius gage (see 
Figures 703 and 709) is used tp check the cur- 
vature of the convex 'tool. The tool should be 
high to the gage, i.e., of slightly less radius 
than that of gage. If the proper relationship 
does not exist uniformly over the entire sur= 
face^ the tool must be corrected. A method for 
determining the curvature of the tool by. check- 
ing the surface of the lens produced by it is 
described in Chapter 12. 

Correctiöti.^-The procedure for correcting 
a convex tool presents piily ä few differences 
from that for correcting a concave tool. 

It inay be necessary, when making large 
corrections, to grind the nose of the file almost 
flat, but with a front clearance. The tool rest 
should be placed near the surface to be cor- 
rected and moved to new positions when neces- 
sary. Metal is removed from the convex tool 
just as it was for the concave tool when desir- 
ing to shape the surface nearer to the gage; 
however, the effect on the curvature of the tool 
is reversed. Removing the greatest, amount of 
metal from the center of the convex tool and 
decreasingly less toward the edge will result 
in the tool being of a longer (not._a shorter) 
radius of curvature. Removal of the greatest 
amount of metal hear the edge and decreäs- 
ingly smaller amounts toward the center of the 
convex tool produces a curvature of shorter 
(instead öf longer) radius. 

Setup. ~- The pin of ihe arm should pass 
over the center of rotation of the tool when 
placed in the spivey and should be directed 
toward the center of curvature. (See Figure 
710.) 

ij 

0 

•^a^" -s—r 
-'•:=* »f^Uzzss^e^^s&P^ 



71-7 

CONCAVE 
RADIUS GAGE 

CONVEX 
RADIUS GAGE 

^     ^#\^N^C 
^ 

^ 
GRINDING 

TOOL 

(a) Convex Grinding Tool Should 
Be 'High' to the Concave Gage-i- 
i.e., Stronger, Sharper, or of 
Slightly Smaller Radius than the 
Concave Gage 

ENS   BLANK 

(b) Concave Lens Surface Should 
Be 'High* to the Convex Gage— 
i.e.. Stronger, Sharper, or of 
Slightly Smaller Radius than the 
Convex Gage 

Figure 709.—Radius Gages for Checking the Grinding of Concave Lens Surfaces. 

tf1 
Figure 710;—Machine Setup for Rpugh Grinding a Concave Spherical Surface; 
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A vernier gäge> a micrometer with spherical 
spindles, or other similar instrument that can 
measure the äxiai thickness without interfer- 
ence from the curved surfaces of the lens blank, 
is necessary to replace the flat surfaces of the 
anvil and spindles of the micrometer used on 
convex surfaces. 

A sleeve spinner is never necessary for 
spinning a concave surface. 

Grinding Concave Surfaces.-^Unlike most 
convex lenses, it is necessary to start grinding 
the surfaces by hand before proceeding to grind 
by spinning. The blank is held with the thumb 
and firsfcrtwa lingers of eächrnänd with "the 
center of the plane surface of the blank touch- 
ing the far surface of the tool. The blank is 
worked up and down on the surface of the topi, 
and rotated about *4 turn after 3 or 4 strokes. 
More abrasive is applied as needed. When the 
diameter of the concavity ground by hand is 
equal to' about */§ of the diameter of the blank, 
it is usually possible to change to grinding with 
ä spinner. 

The concavity should be inspected before 
being ground completely with the first, abrasive, 
in order to determine how well the concavity 
is centered. If the concavity is off-center* the 
blank should be held against the tool with the 
hand, with the side of the blank towards which 
the concavity must be moved near the bottom 
edge of the tool. After a.short grinding period 
the concavity should be examined again. 

If necessary, the procedure above is re- 
peated, otherwise spinning continues until the 
element is ready for the next finer abrasive. 

Grinding by hand should be distributed over 
the entire surface of the tool to prevent löcalr 
ized wearing. Special care should be taken to 
avoid' overworking that portion of the topi that 
is midway between the center and the edge, be- 
cause excessive use here will make this region 
of the tool alrnpst conical. Both the tool and 
the blank shpuid be checked .frequently for 
curvature. 

Continued sweeping over the lower portion 
of the tool will shorten the radius. Hence, to 
lengthen the radius, the sweeping of the tool 
should, be kept near the top. ff the surface of 
the blaixk is ä trifle too high* and it is desired 
to bring it nearer to the gage* the sweep is 

cpnfined to the upper portion of the tool. This 
will cause the upper portion to wear, pro- 
ducing a flatter surface, i.e., of longer radius 
of curvature, on both the blank and the tool. 
Conversely, if it is desired to grind a higher 
surface, the sweep is kept near the bottom of 
the tool. This will cause the tool to wear to a 
shorter radius and produce a like curvature oh 
the blank. 

It may be necessary to sweep the edge of 
the blank over the edge of the tool. While the 
center portion of the blank is being ground at 

jlll tunes* it is being ground by the fastest part 
of the tool when in this position. No grinding 
is being done oh the surface that is not in con- 
tact with the tool, and the surface on the inner 
side of the central portion of the blank is being 
ground, with a slower portion of the tool. This 
produces the greatest 'high' possible but grind- 
ing here should not be continuous and the 
sweep should be kept uniform. When it is 
necessary to relocate the center of sweep to 
keep the proper curvature, the new location 
should overlap the section worked previously. 

After completing the first side with FFF 
abrasive or its equivalent, it: is not necessary 
to determine the axial thickness if the surface 
grinding is stopped when the surface intersects 
the surface bevel. 

When the grinding has been finished, the 
surface of the lens blank should be inspected 
with a magnifying glass for pits, scratches, 
bubbles and other defects, 

The procedure is the same if the other side 
is, concave, except that the thickness should be 
checked frequently. 

The grinding with each abrasive should be 
stopped when a definite thickness above the 
finaKthickness has been reached (see Figure 
403). Grinding with the final abrasive used 
for roughing (FFF or its equivalent) should 
be stopped when the blank is 0.010 inch above 
the final thickness. 

The blank should be checked frequently 
with a convex radius gage, and should be kept 
high tö the gage* i.e., of shorter radius than the 
gage. The curvature of the biähk shpuid be 
made flatter with each successively finer abra- 
sive until it conforms almost tp the gage when 

-% I 
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ready for fine grinding and polishing. (See 
Chapter 12;) 

MOLDED BLANKS PROCEDURE 

Rough Grinding Convex Surfaces Singly.-^ 
It is advantageous to mount the blanks for mill 
grinding when the thickness is excessive and 
before rough grinding is done singly. 

Grinding to Thickness,^The thickness and 
curvature of several blanks are determined 
while a blocking plate is being heated slowly. 
After a layer of stickum is spread on the plate, 
markers are placed at quadrant points and 
blanks of approximately the same thickness are 
mounted with the thickest blanks near the edge 
of the plate. The markers should be of slab 
glass, of the same type of glass and about as 
thick as the thickest blank. The blanks should 
be arranged symmetrically on the plate and 
mounted with ail like curvatures and better 
surfaces down.. It may be necessary to pour 
additional onelted stickum oh the plate between 
the blanks to form a layer thick enough to hold 
the leases while being ground. 

The thickness after processing on a mill 
should be from Ö.Ö20 inch to (K025 inch above 
the final thickness. This is to allow for the 
lean a blank may have as a result of mounting. 
The block is ground on the first side until the 
amount left to be ground off the thinnest blank 
is equal to that which lias been removed already 
from this blank. Successively finer abrasives 
should be employed until FFF abrasive or its 
equivalent has been Used to complete the grind- 
ing* In the center of the exposed spherical 
surface, of each blank will be a plane surface 
which will provide a greater area of contact 
when mounting for the second side grinding. 

The -plate is heated; the blanks .and markers 
are removed, stickum is applied to the plate 
again, and the same, markers are inverted and 
remounted at quadrant points.. Next the blanks 
are mounted with their plane surfaces in con- 
tact with the. block. If the area ;of each plane 
surface is fairly large in comparison to that of 
the spherical surface* it should not be necessary 
to pour melted sticküm on the blocks between 
the blanks. After cooling, the block is ground 
with successively finer abrasives* until,, at the 

completion of the grinding with FFF abfäsive 
or its equivalent* the bläriks are of the desired 
thickness. 

Grinding Convex Surfaces.—While blanks 
seldom need rounding, any burrs should be 
removed before grinding the surfaces. The 
remainder of the processing is the same as for 
grinding convex lens blanks from slab glass, 
except that after the first spherical surface has 
been pompleteä, the thickness is measured to 
determine with what abrasive the spot on the 
other side should be removed. 

A variation of this procedure is to process 
the first spherical surface of each blahlc com^ 
pletely, mount on a blocking plate with this 
surface in contact with the plate, grind to a 
thickness of 0.014 inch to 0.016 inch over the 
final axial thickness, and then, in like manner, 
complete the spherical grinding of the other 
side. 

Rough Grinding Concave Surfaces Singly. 
Insvection, ^ The blanks are inspected thor-r 
oughly before processing to discover any that 
might make it necessary to alter the procedure. 

The curvatures of the molded surfaces are 
checked with the proper radius gage, to insure 
that they are sufficiently high to permit an 
approach, with each successively finer abra- 
sive, to the final curvature. 

Burrs oil the edges of the blanks should be 
removed to reduce the possibility of chipping 
or other difficulties while processing. The burrs 
on a blank can be removed on a mill either by 
beveling the edge of the curved surface, or by 
grinding the flat .suvf^e which usually sur-. 
rounds the edge of the concavity. 

Grinding to Thickness.,~A liiyer of stickum 
is applied to a blocking plate which has been 
heated sufficiently for the sticking to flow. 
Mar-kgrs of slab :glass..approximately AS, thick 
as the thickest blank, are placed at quadrant 
points and extended over the edge of the block. 
The blanks are placed in contact with the plate 
and with the concavities of shorter radius fac- 
ing the block. Blanks of lesser edge thickness 
are mounted near the center. The block k; 
ready for grinding ;after it has cooled.. Formula 
(6) used for processing concave lenses from 
slab glass is used to determine the thickness to 
which the block must be ground. 

'?'~**i->t>iitz±^ -ffc >S<:^ 
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Blanks are often of such excessive thick- 
ness" that a large part of any molded curvature 
that might exist on the side being ground, is 
removed. It is necessary, therefore, to bevel 
the edges of each blank after the desired thick- 
ness has been reached. 

Grinding Concave Surfaces.-^-The surface 
which faced the block during the grinding to 
thickness should be processed first. An abra- 
sive as coarse as #220 or its equivalent is 
usually necessary for the initial grind.    The 

procedure after grinding with the first abra- 
sive is the same as the slab glass procedure for 
grinding concave surfaces. 

On the second side, grinding by hand, as 
when starting a concave curve in slab glass, 
may be necessary if the molded curvature has 
been entirely removed while grinding on the 
mills or if the remaining concavity is of insuffi- 
cient aperture to permit spinning. When this 
second side can be spun, the procedure is the 
same as for grinding a concave surface on slab 
glass. 
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A faster method of grinding lens blanks 
than that described in Chapter 7, but employe 
ing the same principles, is by the use of a curve 
generating machine. 

For grinding curved surfaces the upper 
spindle of the machine is set at an angle, 
whereas both upper and lower spindles are 
vertical when the machine is used on flatwork. 
(See Chapter 6, under "Curve Generating Ma- 
chine.")   "' 

Lens blanks may be ground individually, or 
in multiple on a 'spot^blockiiig shell' (Appen- 
dix D-). Whether the blanks are made from 
slab glass or from pressings, they are prepared 
for processing on the curve generator in the 
same manner as they are for rough grinding 
by hand, as described in Chapter 7. 

CURVE GENERATING MACHINES 
Grinding Tools 

Two Types and Methods of Making.-^-Two 
types of grinding tools used on curve generat- 

...._;._;„:.::_..._: ggs— 

ing machines are the 'fixedrradius' type and the 
'universal' type (see Figures 801 arid 802). 
The nxed^-radius type, as the name implies, can 
be used to grind one radius only, while the uni- 
versal type can be used for a Wide variety of 
radii by varying the angle of the upper spindle 
of the machine. Both types contain an abra- 
sive element; These elements may vary in grit 
size, concentration, depth of .diamond and type 
of bond. 

Two methods of metal-bonding are discussed. 
Other common types of bond are resinoid, 
bakelite, rubber and vitreous. It is suggested 
that the manufacturers be consulted when fur- 
ther information on & particular type of tool or 
bonding is desired. 

The two methods commonly used in the 
making of metal-bonded, diamond-surfaced ab- 
rasive elements are: 

1. Sintered Method.-—In this method, dia- 
mond grit is mixed with powdered metal and 

Bausch & Lamb Optical Company 

Figure :801.-^-Pixed-radius Serrated Diamond Tools Used oh Curve Generating Mächine 
with Stationary Head. 
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compressed into the desired shape and thick- 
ness. Next it is placed under pressure in & 
hydrogenTatmosphefe furnace,, and heated to 
the temperature necessary to produce a coher- 
ent mass which becomes the abrasive element. 

2. Serrated Method.-^In the 'serrated' 
method the abrasive element is integral with 
the tool. A metal tool of the proper size and 
shape is grooved, or 'serrated', and the dia- 
mond ds rolled into it. The finer grades of 
diamond riiay be forced into ä copper ring 
without grooving. 

Tools of the universal type invariably con- 
tain an abrasive element made by the 'sintered' 
method. Fixed-radius tools are usually made 
by the serrated method but may instead be 
made tp mount a sintered abrasive element. 

The diamond tool shpwn in Figures 802 
and 803 is of the universal type. Its abrasive 
element, made by the sintered method, is per- 
manently attached to the end of ä hollow metal' 
cylinder to form a unit called a 'lap'. The lap 
is soldered tp an 'adapter' tp form the complete 
tool. The lap may be replaced when its abra- 
sive is worn .away.   Usually the adapter has 

ah internal taper which fits the upper spindle 
of the machine aiid is mounted by driving it 
onto the spindle. However, with some types of 
curve generating machines a threaded connec- 
tion is used. 

When a universal type tool is used the sm> 
face quality of the pieces ground gradually im- 
proves as, by wear, the abrasive surface adapts 
itself to the correct curvature and broadens its 
contact with the glass beyond a mere 'line' 
contact. 

Size.—The proper size diamond tool must 
be selected, giving consideration to the specifi- 
cations for the lens to be ground and to the 
grinding conditions involved. The tool should 
be neither too small nor top large. The diam- 
eter of the tool should be no less than the chord 
from the center tp the edge of the surface to be 
ground. If the diameter is lesp, the result is 
usually a 'zoning' effect, or inside bevel. On the 
other hand, if too large a topi is selected the 
head of the curve generator, when set, will be 
at an awkward angle* J 

•i 

CONVEX RADIUS GAGE 
(SAME RADIUS A3 LENS 
SURFACE TO BE GROUND) 
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Eigure'802;—tJniversali Type Grinding Tool,-Showing Method of Determining 
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FASTENED   TO ADAPTER 

ON MACHINE SPINDLE 

(a) Cpnvex'Surface 

NOTE :   EFFECTIVE DIAMETERS »CHORDS IP P,), (P'P2)- 
EFRECTIVE PTS. OF CONTACT - P P.F^ 
SIN.ZA*^     INEFFECTIVE   DIA.,  R.DESIRED RAD. 
FOR SAME RADIUS, L A VARIES WITH. D 

(b) Goncaye Surf ace 

Figure 803.-^-Position of Tool for Grinding a Spherical Surface with ä 
Curve Generating Machine. 

 ©etepmihing the JEffiective Diameter.^=if a. 
radius gage, opposite in curve to the one used 
in gaging the radius to be ground, is placed 
across the center of the tool the points of con- 
tact (Figure 802) show the effective cutting 
edge, The distance between these twQ points, 
measured across the center of the tool, is the 
effective diameter of the tool and should be 
used in, calculating the setup. The point of the 
offset gäge (Figure 80.4) should be set to the 
effective cutting edge of the tool. 

Whenjtwja or mpxeitools of the .same, diam- 
eter are available each should'be checked to 
gage* and the one having thö greater contact 
with the gage should be selected- 

Replacing a Lap.—To replace a lap such as 
is shown in Figure 802 the adapter is heated, 
the lap removed, and a new lap. soldered on to 

, the adapter. To insure ah even fit of the lap 
and adapter trie -following steps are taken v 

1.   Ail old solde* is wiped off the surfaces 
to be soldered. 

TT **p»j|iwaW*i  4.UWJH 
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SPINDLE    SLEEVE 
CLAMP 

GRINDING   TOOL 
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INDEX    LATERAL 
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SCALE  OF   OFFSET 
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\ - 
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Figure 804.—Upper (Head) .Spindle of American Optical Company Curve 
Generating Machine. 
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2. A small amount of soldering äcid is ap- 
plied to the surfaces to be soldered. 

3. The lap is placed on the adapter. 
4. A small amount of solder is applied 

around the crack between lap and adapter. 
The taper shown in Figure 803 must be 

well cleaned to insure a concentric fit oii the 
spindle. 

Coolant or Lubricant 
For general information on coolants and 

lubricants see Chapter 5, under "Coolant." 
A table showing various oils with dilutions 

that have been used for coolants successfully is 
also given in Figure 2503. The dilutions given 
are approximate and should be used as a basis 
for making up satisfactory solutions. Local 
conditions which are seldom constant prevent 
the Use of definite formulas for preparing 
coolants. 

Methods of Feeding Coolant.—During the 
grinding operation* the cutting surface of the' 
tool and the surface of the lens must be kept 
flooded With a coolant to keep the tool and lens 
coöi, and to wash away worn abrasive and 
glass grindiiigs. 

Four methods, of applying the coolant are: 
1. Center Feed.—The eoolant is directed 

down through a hollow upper spindle onto the 
work. 

2. Skirt Feed.—The coolant is fed through 
a tubing doWii one side of the upper spindle 
into the adapter of the diamond tool, thence 
from the inner side of the lap onto the work. 
The adapter resembles a turbine wheel in that 
it has a series of spiral vanes with openings at 
the bases of the vanes. 

3. Under Feed.—The underfeed method is 
simple, and quite effective when the tool used 
extends beyond; the edge of .the: work. . A, piece 
of metal tubing of the same diameter as the 
stationary tubing on the machine, shaped as 
the letter J, is attached to the stationary tubing 
by a rubber coupling. The tube extension and 
the flexibility of the coupling permit satisfac- 
tory direction of the coolant underneath and to 
the center of the tooL 

k. Indirect Feed.—A tubing placed against 
the side of the upper spindle directs the cool- 
ant downward onto the work from the outside 
of the tool.    This method is subject to the 

difficulty that the glass residue may 'load' the 
center of the tool, which in turn will cause 
neating of the lap and reduction of grinding 
efficiency. 

Grinding 

Grinding to Thickness.-?—The curve gener-r 
äting machine may be used to grind either or 
both surfaces of a lens blank where a consider- 
able thickness of glass (0.020 inch and over) 
is to be removed. However, in these cases it is 
generally preferable first to bring the blank to 
within 0;005 inch to 0.010 inch of its final 
(curve generating operation) thickness by 
means of a surface grinder mounted with a 
rough or 'hogging' wheel. The life of the curve 
generating lap is thereby prolonged and pre* 
duction is increased. 

The condition of the blank sometimes makes 
it preferable to grind the first surface on the 
generator, next to use a surfäce grinder on the 
second side to bring the blank to the approxi- 
mate thickness desired, and then to retürii the 
blank to the generator for grinding the second 
surface. 

For grinding to thickness, lens blanks are 
mounted on a blocking plate as described in 
Chapter 7, with the ground side held down 
With beeswax or stickum. Blanks are ground 
to thickness either by machine äs described in 
Chapter 5, or by hand äs described in Chap- 
ter 1. 

The amount of excess thickness that should 
remain on a lens blank after being ground on 
a curve generator depends upon the fineness of 
the surface produced by the tool. If they are 
to be ground with 'FFF' abrasive after coming 
off the generator, 0.0i5 to 0;020_ inch of thick- 
ness Is left to allow for grinding with that 
abrasive and for subsequent fine grinding and 
polishing. 

Some operators prefer to bring the thick- 
ness down to within 0,010 to Q.015 inch of the 
final thickness. 

For controlling the thickness of ä block pf 
leiis blanks, concavities are sometimes milled 
in the second side pf a. few blanks that are to 
be mounted oh the block. These concavities 
are milled out to within 0;002 inch (or slightly 

—ry?r*^, 
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more) of the finished thickness for this opera- 
tion. The blanks with the concavities are dis- 
tributed over the block and as the grinding 
operation proceeds the thickness is controlled 
by noting what remains of the concavities. 
Some operators prefer to grind concavities in 
the 'markers' mounted in blocks of flatwork. 

A milling mächine may be used to grind a 
concavity. Figure 805 shows a machine with 
automatic control and Figure 806 shows a 
hand-controlled machine. 

) 
The concavity of eaeh lens may also be 

ground singly on a curve generator to the de- 
sired thickness. 

Fineness of Grinding.-^Tools with meta> 
bonded abrasive of 240 grit and up to 400 grit 
are used for producing fine surfaces. These 
grind more slowly than the metal-bonded 120^ 
grit diamond abrasive used for general pur- 
poses. 

Tools with resinoid-bpnded diamondrabrä- 
sive elements are superior for any type of 

i 1 1 

Bausch &Xiom,b Optical Company 

Figure 805.^Automatic Milling Mächine Setup for Spotting Thickness of a Lens Blank. 
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Bauseh & Lornb Optical Company » 

Figure 806,^Hand Milling Machine Setup for Spotting. Thickness of a Lens Blank. 
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fining work. Ä 32Ö-grit, lOÖ^cohcentratiön, 
resinoid-bonded abrasive is known to have 
given excellent results and lens blanks from 
this grinding have gone directly to polishing. 
A 240rgrit, 100-concentration, resinoid-bonded 
abrasive gives good results but a coarser sur- 
face than the 320 grit. 

Sometimes two or more generator cuts are 
made, each on a different machine. When this 
is done, the first cut might be made with a 120- 
grit, metal-bonded diamond abrasive, followed 
by a fine-grit, resinoid-bonded abrasive for the 
final surfacing. 

After lens blanks have been ground indi- 
vidually on the generator a FFF grind, if re- 
quired, is made as described in Chapter 7. 

Grinding One Lens Blank at a Time.— 
When lens blanks are ground individually on 
the curve generator, a blank is placed in a 
spinner (Figure 803), which has a recess as 
close to; the diameter of the blank as possible 
in order to prevent the blank from shifting. 
The spinner is screwed to a cone-shaped spin- 
ner 'adapter', which is held in place by a pin 
in the 'adapter block' engaging a slot in the 
adapter. Care must be taken that all attach- 
ments are cleaned before assembling to assure 
accurate work. Other methods of holding indi- 
vidual blanks may be employed such as ä com- 
pression chuck or a suction chuck. 

Multiple Grinding, — Multiple grinding is 
an aid to quantity production, but the quantity 
should be sufficient to compensate for the com- 
paratively high initial cost of the spot-blocking 
shells in which the blanks are mounted. The 
shells must be designed carefully and made 
accurately. To make a lot of five tö ten metal 
shells of medium diameter, each having, about 
A 1  MHU.U^Xn *>Asvmvi-M.^M        nl\Aii4-        %!7-       4-yvi      OA 'lOUI'LCdl'       taTlUlCDf       'i-C^UiX'CO      -CkMyjxJH)       JL* I        -w      mv 

machine hours. These cavities can be made 
on a universal milling machine (as illustrated 
iii Figure 807 for a shell of fewer cavities) 
equipped with a vertical milling head. The 
blanks are sealed in the cavities with wax. 
It should be noted that blanks can be mounted 
in spot-blocking shells either before or after 
they have been ground to thickness and whether 
ör not either surface has been pre-beveled, 

Piaster blocks are cheap^ costing about 20 
cents each, and have proven practical but they 

cannot be re-used as they must be broken up 
in order to remove the polished lenses. They 
can be used to advantage when the total num- 
ber of a particular lens to be made is too small 
to justify making metal spokblocking shells. 

Before undertaking the manufacture of 
spot-blocking shells, the entire grinding and 
polishing procedure should be laid out care- 
fully. Unless provision is made to bevel the 
lens blanks, either before they are mounted or 
after they are in place on the blocking shell, 
after rough grind it may be necessary to re- 
move them from the shell and perform this 
operation. If the method of beveling before 
mounting is used, it is well to notetwo cautions. 
(1.) If the drawing specifies ä close tolerance 
for the bevel on the polished lens, this method 
may be unsatisfactory. (2) If the surface 
(of the blank) which faces toward the shell is 
concave then any variation in the initial bevel 
will affect the height in the block and conse- 
quently the final thickness. 

Beveling.—rThe use of curve generators to 
bevel lens blanks has been covered in Chapter 6. 
Hand beveling methods were covered in Chap- 
ters 6 and 7. 

Lens blanks rough ground on a blocking 
shell should be beveled before starting fine 
grinding and polishing in order to avoid sharp 
edges, small sections of which may break away 
and cause scratches. 

As already stated, beveling before mounting 
may be unsatisfactory. On the other hand if 
the blanks are removed from the shell for 
beveling after rough grinding a later additional 
mounting operation is necessary. 

One manufacturer avoids both of these dif- 
ficulties by beveling the lens blank in place on 
t\\a InVnnb-AntY   all all        Thic   i«s   rJ/vno  Hv  TrKMinf-iTiOf- 

the block on a bench and beveling each blank 
separately using a beveling tool chucked in a 
hand drill. The cup of the beveling tool is 
similar to the fixed^radius type of tool used to 
generate a spherical surface,, except that the 
abrasive element is conical and consists of a 
ring of 320rgrit, metal-bond, 100-concentratioh, 
diamond abrasive i/§-inch thick. The »tool is 
equipped with a carefully centered shaft which 
insures that it runs true when mounted in the 
hand drill.   The lap is dipped in water before 
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Universal Camera Corporation 

Figure 807.—Milling Machine Setup for Recessing a Spot Blocking Shell. 
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grinding commences and three or four revolu- 
tions of the lap on each, blank remove sufficient 
glass, to permit safe 'polishing. 

MACHINES PRODUCED BY VARIOUS 
. MANUFACTURERS 

American Optical Company* M419 

The distinctive feature of the machine 
shown in Figures 808 and 809 is the gravity 
feed mechanism by which the work is fed to 
the tool. 

Setting Up the Machine. Offsetting the 
Head Laterally. — After the proper tool has 
been selected, the amount of lateral offset for 
the head must be determined. There are two 
methods for doing this: 

1. By formula: 
V2 (effective diameter of the tool — *4 inch) 
= lateral offset (9) 

2. By reading the scale of the offset gage 
shown in Figure 804. 

The point of the offset gage must be moved 
until it touches the effective grinding edge of 
the tool. To do this, it may be necessary to 
move either or both the upper spindle and the 
scale. The upper spindle is moved vertically 
by means öf an 'alien head' wrench, after 
loosening the spindle-sleeve clamp. After the 
vertical position is set, the spindle sleeve is 
clamped firmly again with the spindle-sleeve 
clamp. The scale of the offset gage is moved 
horizontally by sliding it in the 'index lateral 
attachment' until the point öf the gage touches 
'the grinding, edge of the tool. The lateral off- 
set is then read on the scale, this check should 
be repeatM^freguently to correct for the wear 
of the tool. 

After the lateral offset has been determined 
by either öf the above methods, the head of the 
machine can be properly offset. The four head 
bolts shown in Figure 808 are loosened. The 
head is slid along the ways until the reading 
on the scale (Figure 808) corresponds with the 
reading taken on the scale (A in Figure 804) 
of the Offset gage. 

Setting the Angle of, the Heäd.-r—The angle 
through which the head must be tilted may be 

(10) 

computed by the following formula: 
lateral offset   = sine of angle of tilt 

radius -      ------ 
The head is tilted to the right of the vertical 

axis for a concave radius and to the left for a 
convex radius. 

After loosening the handle shown in Fig-r 
ure 808, oh the back of the swivel, the angle of 
the head is set on the 'vernier' scale by turning 
the hand wheel on the right hand side. The 
handle is again used for reelamping after the 
angle is set. 

Setting the Thickness Limits. —^-'The indi- 
vidual lens blank or block of blanks is brought 
up into contact with the tool by means of the 
'weight arm' shown in Figure 809, which is 
adjusted by means of a 'clamp screw* and a 
'jaw clutch' on the hub to a nearly horizontal 
position, the 'stop nuts' are then adjusted on . 
the stud under the oil pah to allow the proper 
amount of grinding. 

In the final adjustments the 'switch contact 
screw' is set to trip the 'micro switch', the 
setting of this screw is synchronized with the 
stop-hut adjustment. 

the setting of the contact screw causes the 
'solenoid arm' to lift the weight arm which in 
turn lowers the block or lens blank from the 
tool and stops the grinding, the solenoid arm 
must be adjusted to such position that it will 
raise the weight arm when the solenoid oper- 
ates; 

the use of the 'micro switch' and 'solenoid' 
is to stqp the grinding at the proper point by 
lowering the block from contact with the tool. 

When the lens blank has been ground to 
thickness the weight arm is raised and brought 
forward by hand until the stud screw presses 
oh, -the 'brake'; the, brake- which- acts only on 
the lower spindle, is thus forced down against 
the surface of the 'sheave', stopping the revolu- 
tion of the löwer spindle. 

At approximately the same time that the 
brake is applied, the 'rod', the length of which 
is adjustable, acts on the microrswitches below 
it, and cuts off the power to both spindles. 

Adjusting Pressure.-^-=-the 'weight' must be 
adjusted in or out on the weight arm according 
to the grinding to be done. The grindirig 
efficiency is reduced when the weight is hot 

--^T       ,.^v- 
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' i American Qpticäl Company 

Figure 808.-^Frorit View öf American Optical Company Curve Generating Mächine, M4i9. 
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Figure 8.09.—Side View of American Optical Company Curve 
Generating Machine, M419. 
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sufficient to give the optimum rate of feed. 
Too great a pressure chips the edges of the 
lens blanks and loads the tool When grinding 
starts, the pressure must be applied gradually 
by hand until the tool is cutting evenly over 
the surface of the work. The flow of coolant 
should be liberal, but not so excessive as to 
cause splashing. 

Summary of Action of Machine During 
Operation.-r-An adapter, mounting a lens blank 
in a spinner, or a block of lens blanks is placed 
in position on the curve-generator adapter block 
{Figure 803) with its slot engaging the pin 
in the adapter block. When so mounting an 
adapter or a block, care must be taken that 
their bearing surfaces are clean and free from 
burrs and bruises in order to assure that the 
completed work will be of the proper thickness 
and not 'prismatic'. Setscrews in the adapter 
block may be tightened, to a light contact with 
the block. 

After the lens blank or block is placed in 
position, the 'weight arm' is lifted with the left 
hand and the 'coolant valve' is opened with the 
right hand simultaneously, The coolant flow, 
which may be either continuous or stopped 
after completion of the grind, should be di- 
rected so as to flow under the tool. 

The 'switch contacts' shown in Figure 808 
operate automatically, starting the motors 
when the pan is raised and stopping them when 
the. pan has been returned again to its starting 
position. 

The solenoid throw-out does not stop the 
spindles from revolving, but merely stops the 
grinding action by lowering the work from 
contact. 

After the curve-generating operation, the 
work is placed in the 'drain pan' while a new 
lens blank or block of blanks is placed in the 
machine and the grinding is started again. 

By following this procedure the machines 
may be in practically continuous operation. 

Adjustments.—A 'cross slide' is ..provided 
for the purpose of correcting small errors in 
spindle alignment due to wear, etc. The spin- 
dles should be checked occasionally by setting 
the upper spindle at zero offset and zero angle 
with a plane lens surface and tool and then 

bringing the faces of both spindles in contact. 
Fn this position they can readily be checked 
for concentricity of their outside diameters. 
Adjustment may be made by means of the 
cross slide if the alignment is not correct. 

The alignment also may be checked by 
noting the criss-cross patterns resulting after 
generating a plane surface and a surface of 
strong or sharp curvature. If the lines of the 
patterns, do not pass through the centers« of the 
surfaces, adjustment may be made by means 
of the cross slide to assure the generation of a 
true spherical curvature. 

To correct any misalignment of the spinr 
dies, the 'slide bolts' shown in Figure 808* are 
loosened, the slide moved by means of 'screws', 
and the bolts again tightened. The 'counter- 
balance weights' should be just heavy enough 
to balance the lower spindle when the lens 
blank or block is hot in place and the 'weight' 
shown in Figure 809 is removed from the 
'weight ami'. 

Speeds. — The second speed of the Upper 
spindle may be used for tools up to 3 inches 
in diameter, third speed for tool diameters of 
3 and 4 inches, and slow speed for tool diam- 
eters larger than 4 inches. The high speed 
should not be used for generating except for 
work having a small surface area requiring a 
tool diameter of about 1 inch. 

The type Of bond and the surface speed are 
related. A sintered diamond tool has been 
known to operate efficiently at 5000 surface 
feet per minute, while a serrated diamond tool 
gives the best results between 2500 and 3500 
surface feet per minute. Using either type, 
the proper surface speed will be inversely pro- 
-nrvfetiona! to the jcontact. ar.ea^ 

For most work 3500 lineal surface feet per 
minute is considered satisfactory. 

Trouble Shooting. — The setup of a curve 
generator or any change in ä setup can be 
detected by the characteristics it gives to the 
blank during the grinding. A table showing 
the defects that occur most frequently together 
with their probable cause and some suggested 
methods for correcting them is given in Fig- 
ure-810. 

\i 
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TROUBLE-SHOOTING TABLE FOR AMERICAN OPTICAL COMPANY 

CURVE GENERATING MACHINE, M419 

DEFECT CHECK CAUSE CORRECTION 

1. Nipple or teat Setting on lateral and 
head spindle scales. 

Lowest cutting edge of 
tool is not passing 
through center. 

Increase or decrease lateral 
or head-spindle setting, or 
both. 

2, Gfoove Bottom spindle belt 
and brake. 

Lens is not rotating. Repair belt if needed.   Oil 
brake and expand releasing 
spring. . 

Weight on feed arm and 
inside of spinner. 

Decrease weight on feed 
arm.   Alter spinner to 
give more bearing surface. 

3. Bronze or 
•brass marks 

Time required to grind 
sufficient bearing surface 
manually.. 

Weighted feed arm 
released too suddenly. 

Increase manual feeding 
time. 

Tool for wear. Tool worn out. Replace worn out tooL 

4. Diamond marks   , 
(heavy) 

Grit of tool. Coarse-grit diamond tool. Replace tool with one öf 
.finer grit. 

i 

Weight on feed arm. Excessive weight x>ii< 
feed arm., 

Decrease feed weight- 

Cone pulley. Spindle speed too slow; Increase tool speed. 

5. Wedging Rotation of lens blank. Lens blank not rotating 
in a horizontal plane. 

Remove cause of uneven 
, rotation. 

Felt in spinner. Worn or loosened felt. Replace felt. 

Spinner for size; •Diameter of spinner 
too large. 

Use spinner of a smaller 
diameter. 

6. Chips Shape of blanks; Irregular blanks. ; Leave irregular Wänks for 
more suitable spinner. 

Bearing surface between 
• lens' and spinner. 

Small bearing surface. Alter spinner to give more 
bearing surface.   Insert 
felt base if necessary; 

Feed weight. •Excessive feed weight. ' Decrease feed weight. 

Manual Release. Manual release too 
sudden. 

Increase manual releasing 
time. 

7. Irregulär curve 
or^spot 

Rocking in spinner. Lens is rocking on two 
points of contact with 
spinner.    Center of 
spinner too high. 

Insert felt washer in 
spinner so outer rim öf 
blank rests on felt. 

8. Ghangeof 
radius 

Cutting edge of tool. Tool has worn. Change angle of head to 
get required radius. 

-Setnp. .   Setup has .moved. .  Reset.. .            .   .  

9. Glass defects at 
•or near surface 

Possibility of grinding 
more thickness on poorest 
side. 

Not grinding enough 
thickness to* get below 
them. 

Grind; more glass from 
defective side, if possible. 

10. Sloping Walls For prismatic effect after 
grinding first spherical 
surface. 

Lens blank hot rotating 
in a horizontal plane 
while, first surface w.as 
ground. 

Remove cause of uneven 
rotation. 

11. Inside b.eyel Diameter of cutting edge 
of tool.   Compare this 
with distance from center 
to edge öf ltens, 

"Diameter of cutting edge 
across tool is too, small. 

Sepläee with larger tool; 

J 

Figure 810. 
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New Jersey Machine Corporation, Model 73G 

Descriptioiu-^-Basically this machine (Fig- 
ure 811) is similar to the one described above. 
It is comprised of two drill-press Meads, the 
vertical quills and spindles of which oppose 
each other. The lower of these two spindles 
is mounted normal to the machine base and is 
movable in ä vertical direction only. The upper 
spindle is mounted on a slide along which it 
can be offset laterally as much as 4 inches. A 
scale is included to show the amount of offset. 
Both spindles have a '#2 Jacobs' taper. 

This machine can be used to grind a lens 
blank as large as 8 inches in diameter, and the 
maximum outside diameter of the tool that can 
be used is 4*4 inches. 

The upper spindle and its mount may be 
swung about the pivot at the base of the mount 
through ah arc of approximately 60° to either 
side of the vertical. In all tilted positions the 
(projected) axis of the upper spindle intersects 
the (projected) axis of the lower spindle. When 
both spindles are vertical, the (projected) axes 
coincide.. An angular scäte is included for 
setting the angle of the upper spindle. The 
work to be ground is held on a spot-blocking 
sheft affixed to and rotated by the lower spindle 
and is fed upward manually. The spindle speed 
is variable, ranging from 680 to 4600 rpm. 
The spindle speed to use on arty job is the speed 
which will produce a surface speed> at the line 
of contact with the work, of approximately 
3500 feet per minute. 

Universal Camera Corporation 

Description, —r- Curve generating is done 
inside the box-like structure of the machine 
shown in Figure 8i2 which is illuminated by 

The top spindle is i inch in diameter and 
contains a ^4-inch- diameter passage through 
which the coolant is pumped. The spindle is 
driven by a 34-horsepower electric motor- The 
speed; nlay be changed by adjusting the V-belt 
to the various grooves on the cone pulley. 

The bottom spindle is operated at a constant 
speed of 600 rpm, and the feed-up is cpntrolled 
hydraulicaliyi The speed of the feed-up is reg^ 
üläted by a small needle valve, located pn the 
intake side of the hydraulic cylinder, which 

governs the rate of oil flowing into the cylinder. 
The work block is held in the lower spindle by 
a foot-spring 'collet', which releases the block 
when the foot pedal is depressed. The purpose 
of the collet is only to hold the block. The 
actual bearing surface is a machined ring 
(approximately 4 inches in diameter) on the 
bottom of the blocking shell which rests on a 
like ring on top of the lower spindle. 

The entire operation of this curve generator 
is controlled by a series of switches, easily 
accessible, on the left hand side of the mächine. 

The work block and the tool are brought into 
contact gradually, in order to avoid crushing 
the lens blanks. This is accomplished by alter- 
nately starting and stopping the machine until 
sufficient surface has been produced to permit 
continuous grinding. After continuous grind- 
ing starts, the power remains on until the 
necessary volume of glass has been removed 
when the machine is stopped automatically by 
a pre-determined thickness-setting on the lower 
spindle. All operations of this machine are 
motor driven except the up^feed of the lower 
spindle, which is hydraulic. 

Aii added safety factor is the 'micro switch' 
on the front door. This switch controls the 
entire machine operation and cuts off all cur- 
rent from moving parts until the front door 
has been closed. 

Curves can be generated on both flat and 
spherical surfaces on this machine and it will 
accommodate a lens blank or a work block, up 
to and including 8 inches in diameter. 

Setting Up the Machine.—In setting up the 
machine for any given radius, the löwer spin- 
dle is depressed to its lowest position and the 
upper spindle is raised to its highest position. 
The upper spindle then, is swung on its second- 
ary axis or pivot point to assume an angle with 
the lower spindle, and with its (projected) axis 
of rotation intersecting the axis of rotation 
(projected) of the lower spindle at the center 
of curvature of the lens blank. 

General Operating Procedure.—The work 
affixed to the blocking shell is placed in the 
collet of the lower spindle. The upper spindle, 
bearing the diamond-abrasive tool} is depressed 
to ä point pre-caiculäted to comply with the 
desired specifications.    A mechanical stop is 

~wr. 
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Figure 811.^-New Jersey Machine Company Curve Generating Machine. 
(Model 73G) 
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Universal Camera Corporation 

Figure 8i2.-^TJniversäl Camera Corporation Curve Geherating Machine. 
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provided, so that this same setting may be at- 
tained in successive work cycles. The coolant 
is directed onto the work block, and motors 
driving both spindles are started and allowed 
to reach full speed. The lower spindle is then 
raised by means of a hydraulic system to bring 
the now rotating rough glass into contact with 
the 'diamond' cutting surface of the tool. The 
tool is allowed to grind the work until further 
upward movement of the Tower spindle is re- 
stricted by the stop, which in turn causes oil to 
flow from the hydraulic cylinder thus lowering 
the block. 

Peck Optics, Model D5 

This machine, which is similar to those al- 
ready described in this chapter and is shown in 
Figure 813, is designed to permit the upper 
spindle to be tilted to an angle of 50° from the 
vertical. This makes it possible to grind a 
hemispherical surface. The lateral setting is 
calibrated to %* inch and it is claimed that the 
thickness can be adjusted to 0,0005 inch. The 
speed of the diamond-abrasive tool can be var- 
ied from 3000 to 7000 surface feet per minute, 
so that the machine can be set for various 
grinding speeds. 

Mirakel Generator Company 

This machine, which is shown in Figure 814, 
is similar to those already described in this 
chapter. It is designed to operate with a dia- 
mond tool of any type and to take a block up 
to 12 inches in diameter. To set upthe machine 
the top unit is moved forward or backward until 
the (projected) axes of the upper and lower 
spindles intersect at the center of curvature of 
the lens blank. The head is equipped with a 
worm and gear which provides a micrometer 
adjustment for setting the tilting angle. The 
hand wheel that controls this worm is located 
so that the operator can see the indicator on 
the calibrated arc and thus determine the tilt 
of the head. The machine is provided with an 
automatic and a hand^-fed pilot wheel and has 
sixteen speeds varying from 160 tö 8200 rpm. 

!^J 

Peck Optics 

Figure 813.-^Peck Optics Curve Generating Machine; 
(Model 05) 
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Bausch & Lomb Optical Company 

Operatiön.^This curve generating machine 
(shown in Figure 815), was developed by 
Bausch & Lomb Optical Company for milling 
a rough-ground surface on a lens blank, and 
uses a fixed-radius type tool. It operates on 
the same principles as other curve generating 
machines, but is less flexible. The head -can be 
set at relatively few positions, and cannot be 

*,- .enrgSil 
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Mirakel Generator Company 

Figure -8J.4.-=^MiräRel' Generator Company Curve 
Generating Machine. 

swung from left to right to permit the use of a 
üniversairtype tool. 

Tools.:—As a solid diamond-impregnated 
fixed-radius tool is used (see Figure 801) there 
is one tool for each lens radius. This is in 
contrast to the machines previously described, 
all of which use a universal-type tool which is 
positioned by adjusting the head of the machine 
according to the radius of curvature to be 
generated. 

Lens Holders. — A different leiis-blank 
holder (Figure 815), held in place by a spring 
chuck, is used for each different lens diameter. 

W. F. & John Barnes Company 

This machine differs from those described 
previously in the manner that is used for 
mounting the upper spindle. In the No. 4 
Barnes generator (see Figure 816:) the axle on 
which the upper spindle is rotated to, produce 
the desired curvature is mounted on an adjusts 
able link. This link provides the lateral setting 
for the upper spindle and is controlled by a 
worm arid gear equipped with a micrometer 
adjustment on the worm. The angle of tilt of 
the upper spindle is controlled by a similar 
micrometer adjustment. Since the lateral set- 
ting follows the arc of a circle, any change in 
its adjustment will affect the tilt angle of the 
upper spindle, and therefore, it must be simul- 
taneously corrected. 

The machine is equipped with ä vacuum 
pump and system arranged to hold single ele- 
ments in »position in the cüp of the machine by 
means of a suction that is applied through the 
löwer spindle. Also, it is provided with a hy-^ 
draulic unit which raises the lower spindle iri 
such a way that the blank is advanced towards, 
the diamond lap rapidly to within %2 inch. At 
this point, gravity feed takes hold üötil the 
coriipletiön of the grinding cycle, rising at a 
speed that is slow enough to reduce any tend- 
ency to chip the blank; The hydraulic unit then 
resuhies control and draws the lower spindle 
down to 'the loading position. 

After the machine has been adjusted, it is 
necessary merely to lay the blank in the cüp 
and press the 'start' button;    This will start 
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both spindles rotating, the coolant, the vacuum 
pump which holds the blank in the cup, raise 
the lower spindle to the generating position,- 
fast for most of the up-stroke and slowly for 
the last H2 ihch of travel, grind the surface of 
the blank until it is the desired thickness, drop 
the lower spindle, and shut off the väeüum 
pump and coolant. When the machine has com-« 
pleted this cycle, it stops automatically. 

The No. 5 Model of this machine, which 
was in process of development when this book 

was written, differs from the machine just de- 
scribed, in that the lateral motion is obtained 
by moving the head on straight ways, instead 
of ih an arc* It also has incorporated in the 
mechanism an adjustable 'dwelF period after 
grinding, and the coolant is applied through the 
upper spindle to the center of the lap, thus, in- 
creasing its life. The lower spindle rises and 
revolves on individual bearings, which should 
increase the length of accurate operation of the 
machine. The loading height has been lowered 
for the comfort of the operator. 

-< f 
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Bausch &Lomb Optical Company 

Figure Siöw^Baüsch & Lömb Optical Company Curve Generating Machine 
with Stationary Head. 
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W. F. & John BamesCompany 

Fjfirure 816;—Barries Curve Generating Machine.    (Model No. 4) 
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CHAPTER 9 

BLOCKING FLÄTWORK 

Plaster Blocking. 

Hot Method. 

Waxing the Locating Plate. 

Arrangement of Blanks* 
If No Template is Used. 
Using a Template; 

Application of Protective Coating. 

Placing the Ring. 

Pouring Cörnstarch. 

Preparation of Plaster of Paris. 

Pouring Plaster of Paris. 

Removing the Ring and Locating Plate. 

Relieving the Block. 
If Blocked iii Plaster. 
If Blocked with a Template. 
If Blocked in Cornstarch and Plaster. 

Setting the Plaster Block. 

Coating the Piaster Black. 

Removing Blanks After Polishing. 

Cold Method. 

Roof Prisms. 
"First-Roof Face» 
Second Roof Face. 

Other than Roof Prisms. 
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Anchor Pieces- 

Rosin, Beeswax and Cheesecloth. 
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Locating Prism Blanks; 
Pouring Wax and Plaster. 
Relieving the Prism Block. 
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optical Research} Incorporated* 

Blocking with. Soft-^setting Plaster. 

Ordnance Instrument Corporation, 

Blocking Dove Prism Blanks with Plaster. 
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Blocking Inclined Faces. 
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When flätwofk, whether it be prisms or 
thick glass plates, is to be fine ground and pol- 
ished, the blanks first are secured or 'blocked' 
so that all of the surfaces to be processed are 
held firmly in one plane. This practice permits 
processing many different surfaces at the same 
time. After one set of surfaces has been fine 
ground and polished, the blanks are removed 
from their holding fixture and other surfaces 
are blocked and worked in a similar manner. 

The two general methods of securing flat- 
work are: (1) assembling in blocks, using 
plaster of paris as a bonding medium; and (2) 
mounting directly oh ah angle plate (see East- 
man Kodak Company later in this chapter) or 
other metal fixtures which are described in 
Chapter 5. Method (1) is used for blocking 
prisms and thick glass plates. Method. (2) is 
used for all types of flätwofk. While the first 
method is the older one* the use of angle plates 
has grown as manufacturing methods have 
been developed for making them with sufficient 
accuracy. The discussion in this chapter as^ 
sumes that the blanks require only fine grind- 
ing and polishing although, particularly when 
angie plates are used, improved methods of 
grinding as described in Chapter 5 make it 
possible to do rough grinding, as, well as fine 
grinding and polishing; with one mounting. 

In all cases the surfaces must be cleaned 
thoroughly, and those not being processed must 
be given ä protective coat to prevent damaging 
or staining by the bonding medium. (See Fig- 
ure 901.) This protective coating may be 'ce- 
f esin' wax, shellac, or a mixture of äsphältum 
varnish and 'xylol'. In the case of plaster 
blocks, this coating also assures better contact 
betweeit the glass and the plaster.. 

Plaster blocking may be subdivided into 
"'hoT and fcoW methods. Several variations of 
each method are described. In the hot method, 
the locating plate is heated in Order to melt 
the adhesive used töhold the blanks in position. 
As this heating distorts, the surface of the lo- 
cating plate slightly,, the cold method, which 
avoids the heating and consequent distortion, 
is used where the work must be of very great 
accuracy^ However, it should •'be noted, that 
very expert operators will sometimes achieve, 
greater production and still maintain accuracy* 

by using extremely flat locating plates and 
following the hot method for one or more of 
the faces requiring precision in grinding;, The 
locating plate may be made of either iron or 
glass. When the work is to be extremely &t- 
curate, an extremely flat surface is prepared 
as described later in this chapter under Cold 
Method,, and the degree of flatness is checked 
with ah optical 'flat'. When less accuracy is 
required the surface is checked carefully with 
a straightedge. 

Any warping of the plaster block which 
may occur when the hot method is used can be 
corrected by 'resetting' as described later in 
this chapter ulider Setting the Plaster Block. 
This correction is not heeded nor used in the 
cold method. 

PLASTER BLOCKING 

Hot Method 

Waxing the Locating Plate. =*• A locating 
plate is given a thin coat of a high grade ceresiri 

Ünivis Lens. Company 

Figure 9(n>-Spräying Exposed Surfaces, of Pi-ism 
Blanks with ä Mixture of Standard Äsphältum 

Varnish Reduced with Xylöl. 
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wax. The plate then is set on a tripod and 
heated with several bunseh burners until it is 
hot enough to melt the wax. 

Arrangement of Blanks^. If ZUTa- Template 
Is Used.-^Tb.e blanks to be processed are placed 
face down, pressed firmly on the waxed plate 
and slid into position (Figure 902), so that a 
suction is set up between the glass surface and 
the plate. The blanks should be arranged sym- 
metrically on the plate (Figure 903) with no 
blank lying less than a quarter of an inch from 
the edge. Since no two types of optical glass 
have the same hardness or coefficient of expan? 
sipn, it is unwise to place several types in the 
same block. To aid in obtaining optical flatness 
in the polished surfaces, all the blanks m a 
single block should be approximately the same 
size. Since the distorting effect of the heat of 
polishing varies with variations in size of the 
blanks* the blocking together of different sizes 
will result in some of the surf aces being convex 
and others concave by several 'bands' when 
tested with an optical flat. 

Using a Template.-—A simple and clean 
method of blocking flatwork for mass produc- 
tion is to use a template, about 0.038 inches 

thick, of cardboard which, has been soaked in 
paraffin for waterproofing. The template is 
punched with holes arranged in the desired 
symmetrical pattern. Each hole has the same 
outline äs the surface which it is to position. 
The template is placed in the wax on the lo-r 
eating plate and the blanks are inserted into 
the punched holes. 

This method reduces the errors which in- 
experienced operators would otherwise make 
when positioning flatwork blanks on the locat- 
ing plate. It also practically eliminates the 
relieving operation as it keeps the plaster the 
required distance from the lens blank surfaces, 
to be processed (see Believing the i?lock later 
in this chapter). However, it is not a suitable 
method for small-scale production. 

Application of Protective Coating.—Ä thin 
coat of either ceresih wax or special lacquer is 
painted oil, or a mixture of standard asphaltum 
van ' :h thinned with xylol is sprayed, on to the 
surfaces of the blanks which will be in contact 
with the plaster. Shellac may be used as a 
protective coating in certain cases but it will 
permit stain to develop oh the polished surface 

w 
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Drawing by Russell W.^Pofter- 

Figure 902.-^-Seating 90° Faces of Ariiici Prism Blanks on a Locating Plate. 
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of barium, crown or dense flint glass. The spe- 
cial lacquer just mentioned has been developed 
at Frankford Arsenal and has proved helpful 
in eliminating stain on these types of glass. 
(See Chapter 25, Materials.) 

Placing the Ring.—After the coating hard- 
ens, a split brass or sheet steel ring is placed 
on the locating plate, the plate and ring thus 
forming a mold. The crack between the plate 
and the ring and also the edges of the split in 
the ring are filled with putty to prevent leaks. 

Pouring Cornsfarch.^-Under an improved 
technique, a layer of moderately thick 'corn- 
starch' paste of special composition is poured 
on the waxed locating plate after the blanks 
are in place. This is allowed to set before the 
plaster of pans is poured. This method has 
the great advantage of practically eliminating 
the relieving operation, described later in this 
chapter, by a means which is suitable for 
small-scale production. To prepare the above- 
mentioned special pasted the ingredients spetir 
fied below should be mixed in the following 
quantities (or proportionate multiples thereof): 

4 pounds of cornstarch, 
3 pints of water* and 
1 pint öf ä mixture of: 

2500 cubic centimeters of alcohol, and 
44 grams of 'aerosol OT\ 

Preparation of Plaster of Paris.^The plas- 
ter must be smooth, creamy, and fluid enough 

to flow around the prisms and into any narrow 
crevices. Such a mixture can be made by sifting 
17 parts of plaster of paris ('hydrocaP A-ll) 
into seven parts of water, by weight, and allow- 
ing the mix to soak undisturbed for three min- 
utes. Next the mixture is stirred and kneaded 
by hand or agitated with an electrically driven 
propeller for two minutesand allowed to set for 
five minutes more. Immediately before using, 
it should be agitated again for about half ä 
minute. In this method of preparation, most 
of the expansion which occurs from the heat of 
reaction will be completed before the plaster 
comes into actual contact with the blanks. 
Consequently this method reduces trouble due 
to expansion of the plaster. 

Pouring Plaster of Paris.-^- The mold is 
filled level with plaster and, after the plaster 
has set for five minutes, excess plaster is 
heaped oh top. When the excess plaster starts 
to set* a perforated blocking plate is -placed 
centrally on top of the mold and pressed down 
until plaster is squeezed up through the holes 
to the top of the perforated plate (see Figures 
904 and 905). It is important to have suffi- 
cient plaster in the perforations to hold the 
plate arid mold together. 

Any excess piaster above the holes is re- 
moved and the plaster is allowed to set. 

Both water and temperature affect the time 
and character of the setting.   JFor example, 
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Figure 903:—Arrangement of Locating Plate, Ring, and Blanks Before Pouring 
:   . Plaster of Paris-. 
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Figure 904!.—Plaster Blocking Assembly After Pouring Plaster of Paris. 

mineral salts in the water often have a bad 
effect, very cold water or sodium citrate retard 
the setting, and hot water or aluminum, suk 
phate accelerate it. This plaster expands from 
0.02 to 0.06 per cent iii setting, with no suc- 
ceeding contraction, 

Removing the Ring and Locating Plate.^ 
The mold is placed on a tripod, heated slightly 
with a bunsen burner to melt the wax, and the 
ring is removed. Next the plaster block is 
separated from the locating plate, with the aid 
of a light raw-hide mallet if necessary, and 
both the plate and the block of blanks are 
marked with the same identifying number so 
that they can be reunited later. 

Relieving the Block. — There are several 
methods for relieving the surface of the block, 
some of Which are discussed below: 

If Blocked in Plaster. — If originally the 
plaster was poured directly on the waxed plate, 
the block is relieved by cutting back the hard- 
ened plaster, about %2 inch below the surface 
of each blank, with ä knife or other sharp tool 
(Figures 906 and 907). This is a time-coii- 
suming operation. 

// Blocked with a Template.—If a template 
was used in blocking, the template now is re- 
moved and the block is relieved by merely 
pulling off arid scraping off any plaster that 
has seeped through the holes onto the surfaces. 
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Figure 9.05.^-Plaster Blocking Assembly withilocating Plate, Ring, 
and Blocking Plate in Place. 
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Drawing-by Russell W.. Porter 

Figure 906.—Stroke and Finger Positions Used when Recessing Plaster from 
Prism Surfaces with ä Knife. 
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Figure 907,—^Plaster Block After Relieving Prishi Surfaces.. 
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If Blocked in Cornstarch and Plaster.-^lf 
the method of pouring first cornstarch and 
then plaster is in use, the block now is relieved 
by removing the cornstarch with a stiff brush. 

Setting the Plaster Block, -^ The locating 
plate is cleaned thoroughly with solvent, and 
then heated With bunsen burners to about 
150° FM or sufficiently to melt the ceresin or 
other wax that has been applied to the blanks 
before the plaster was poured over them. After 
the plaster block has been xelieved, it is placed 
face down on the locating plate that was used 
for mounting it and several twenty pound 
weights: are placed on top in order to bring 
the surfaces of the blanks into close contact 
with the plate. The bunsen burners are re^ 
moved but the heat stored in the locating plate 
will soften the ceresin and force any blanks 
that have become high to the surface- of the 
block during the blocking operation deeper into 
the plaster until the surfaces of all of the 
blanks are in close contact with the locating 
plate. The block is left to harden for five to, 
twelve hours. 

Coating the Plaster Block.—A thin layer of 
nitre-cellulose lacquer is applied to the entire 
surface of the block* allowed to dry, and then 
ä second coat is applied. 

this coating restricts any loss or gain of 
water by the prism block .and also furnishes a 
smooth surface which reduces the adherence 
of abrasive to the block during fine grinding. 
Moreover it later is cleaned easily from the 
glass surfaces with an acetone-moistened cloth 

wrapped around a wooden block. After being 
coated, the plaster block: is ready for fine grind- 
ing and polishing. 

Removing Blanks After Polishing. —- The 
cast is loosened from the blocking plate by 
wedging a chisel between the plaster and the 
plate and striking it smartly with a räw-hide 
mället. Any plaster remaining in the holes of 
the blocking plate is knocked jut also. Next, 
the block is held in the 'cupped' left hand over 
a large sponge rubber mat or its equivalent and 
broken into several pieces by tapping it with 
the mallet. This will free spine of the elements 
while others will remain imbedded in the pieces 
of plaster. To remove these remainirg pieces, 
they are held face down in the palm of the hand 
and tapped carefully on the back with a wooden 
or metal mallet, Figure 908. If any of the 
prisms have been waxed together in subäs- 
.semblies for plaster blocking, they are sepa^ 
rated by immersing in hot water or by soaking, 
first in kerosene, then in alcohol. Shellac is 
removed by soaking in alcohol or in a dilute 
caustic bath, and other protective wax coatings 
are removed with xylol or a trichiörethyleiie 
degreasef.   (See Chapter 23.) 

Cold Method 

Roof Prisms.^-As previously stated, the 
cold method usually is used When a high degree 
of accuracy is required. For this reason, the 
two roof faces. Of roof-angle prisms and all of 
the surfaces of ocular prisms are Usually cold- 
blocked for fine grinding and-polishing. Special 
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Figure .9Q8:.^Plaster Block Broken Apart to Remove Prisms After Polishing. 
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locating plates are used which, have been lapped 
with #1600 abrasive and tested with an optical 
flat. This is because they must be smooth and 
flat to within one quarter of a wave length. 

The locating plate is washed and cleaned 
thoroughly with solvent because the surfaces 
must be absolutely free from grit, This assures 
that the prism will adhere properly and the 
angle of the prism will not be changed while 
being fine ground. 

First Roof Face.—When a roof face to be 
polished is placed on a flat plate, the adjoining 
roof face makes a right angle with the plane 

of the plate. Therefore two such prisms may 
be blocked together with the above-mentioned 
- ad joining' roof face of one in contact with the 
'adjoining' roof face of the other (Figure 910). 
The procedure is as follows: When the first 
roof face of a roof prism is to be polished 
by the cold method, each pair of prism blanks 
is pressed together and stuck down in light 
'machine oil' (Figure 909) on a locating plate 
which is optically fiat. Pairs of prism blanks 
are placed symmetrically on the plate (Figure 
910) and all exposed surfaces are given .a pro- 
tective coating,.   After this the plaster block is 

Drawing by. Russell W. Porter 

Figure 909.—Seating Eoof Faces of Amici Prism Blanks on a Locating Plate. 
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made in the usual manner (but omitting any 
resetting by means of weights) and the sur- 
faces are fine ground and polished. 

Second Roof Face. — Before blocking the 
second roof face by the cold method prepara- 
tory to polishing, a 'cylinder' is hancUground 
into this face so that it will create a suction 
when it is placed on the locating pkus. (See 
Chapter 15.) The polished, first roof faces of 
a pair of prisms are cleaned with alcohol, 
brushed with SL eamel's-hair brush, and then 
the pair of prisms are lined up on an optical 
flat. Next these two roof faces are contacted 
just to the point where wide interference 
'bands' appear, since no advantage has been 
found in 'wringing' the roof faces into com- 
plete optical contact. The pair of prism blanks 
is contacted to the locating plate with oil. The 
suction created by the cylinder ground in the 
prism surfaces aids in holding the blanks in 
position. The exposed surfaces are given a 
protective coating, and are blocked in plaster 
of paris for fine grinding and polishing as 
already described. 

Other than Rööf Prisms.~When any face 
of any other type of prism is cold-blocked, the 
procedure as described above for roof faces is 
followed closely except that the prisms are not 
paired. 

Special Techniques 

Anchor Pieces.-—'Anchor' pieces are used to 
build up a blank so that it will have a more 

effective area to which the plaster can adhere 
and thus enable the plaster to hold it more 
firmly. This method can be used with both 
the hot and cold methods of plaster blocking. 
It consists simply of attaching a piece of glass 
to any surface of the prism but preferably to 
a surface which is opposite to the surface to be 
processed. If desired, more than one anchor 
piece may be fastened to a single blank and any 
anchor piece may extend beyond the surface to 
which it is attached. In case the surface to 
which the anchor piece is to be attached is 
already polished, it will be necessary to polish 
the surface of the anchor piece also; 

A method for attaching extra pieces of glass 
to a prism in order to keep it from rocking 
on the locating plate is discussed later in this 
chapter under Blocking Dove Prism Blanks 
with Plaster and should not be confused with 
the technique of using anchor pieces as de-^ 
scribed in the preceding paragraph. 

Rosin, Beeswax and Cheesecloth.~An alter- 
native method of 'anchoring' a block of prism 
blanks of "the same kind and thickness, uses 
rosin, beeswax and cheesecloth. The method 
can only be used on a surface approximately 
parallel to the surface to be polished. A layer 
of rösin and beeswax is melted and spread ön ä 
heated blocking plate, and, three or four layers 
of cheesecloth are pressed into the melted wax 
mixture until they are impregnated with it. 
The proportion of rosin to beeswax varies with 
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Figure 910.-—Roof Prism Blanks Arranged,on. Locating Plates for Processing 
~   Roof Faces; 
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the surface to "be processed but it is at least 
three paits of rosin to ofte part of beeswax. 

After the prism blanks have been laid on 
the locating plate in a film of water, the block- 
ing plate with rosin, beeswax, and cheesecloth 
is turned over and laid on top with enough 
pressure to secure good adhesion. Next the 
whole system is turned over, the locating plate 
removed and the crevices filled with plaster of 
paris. 

This method lends support to the plaster 
for holding the prism blanks securely, because 
the cheesecloth takes up any inequalities in the 
varyiiig heights of the blanks and prevents 
large layers of rosin and beeswax forming 
over individual blanks. 

METHODS USED BY VARIOUS 
MANUFACTURERS 

Pefkin-Elmer Corporation 

Blocking with Wax and Plaster.   Locating 
Prism Blanks. r-= The blanks are wetted and 
-wrung'into contact with the locating plate, 
the protective coating is applied and the whole 
made ready for pouring by winding a gummed 
paper tape four inches wide around the plate 
in lieu of usiftg the brass retaining ring; 

Pouring Wax and Plaster.-r-A. melted medi- 
um-hard wax is poured onto the plate between 
the prism blanks to a depth of 14 inch (Fig- 
ure 911) and allowed to cool. Next plaster of 
paris. is poured to a depth of about 3 inches. 
When this has set for about an hour, more 
melted wax is poured to a depth of y% inch. 
When this has. cooled a heated blocking plate 
is pressed into it,. 

After setting* the "paper tape and locating 
plate are removed. 

Ktiie'OWg thS Prism Block, — A bevel is 
shaved •oft the outer edge of the wax surface 
with a knife. 

Next the entire wax surface is moistened 
with gasoline, allowed to soak for not more 
than pne minute, and then the entire surface is 
scrubbed vigorously with a firm bristled brush, 
using short circular motions. 

After each gasoline application and scrub, 
the excess gasoline is removed with a dry cloth, 
which removes all brush marks as well.   When 

the wax has been scrubbed back %6 inch from 
the surfaces that are about to be processed,, the 
wax surface is Washed with a soapy cloth, in 
order to remove airy remaining gasoline and to 
insure a clean, smooth surface. 

Optical Research, Incorporated 

Blocking with Soft-setting Plaster. —• In 
this method, a soft-setting plaster is used and 
in addition an industrial wax is used on the 
locating plate. The method eliminates the 
necessity of rapping or heating the locating 
plate when removing it from the finished block, 
which in turn reduces the possibility of the 
blanks shifting and also results in the tools 
remaining true for a greater length of time. 

Prism blanks are mounted on a 16-inch lo- 
cating plate with Johnson's Wax for Industry 
#1568 (S.C. Johnson & Son, Racine, Wisconsin) 
which should be spread thinly and evenly for 
the best results.. This type of wax has given 
better results in removing the locating plate 
than when other adhesives have been used. 
The blocking plate is equipped with a wall 
which serves fo enclose the greater portion of 
the plaster block and removes the danger of 
large pieces of plaster being pulled from the 
side of the plaster block when it is being slid 
off the locating plate. In addition, the blocking 
plate has several holes through which the soft 
plaster can be poured. U;S. Gypsum Company's 
#1, Molding Plaster (either 'Red fop' or 'Hyr 
drocal') is used. 

When the blanks have been mounted on the 
locating plate, three wooden pegs of equal 
height, and between % inch and J/4 inch in 
height, are placed around its edge. The block- 
ing plate is Jnverted over the plate, with the 
bottom of the wail of the blocking plate resting 
on the pegs. After the space between the wall 
of the blockiitg plate and the locating plate* 
made by these pegs, has been closed by winding 
a strip of tape around the plates, plaster is 
poured through the holes in the blocking plate 
until the block is füll. After the plaster has 
set for a period ranging from half aft hour to 
an hour* shellac is spread on top of the blocking 
plate to waterproof the plaster. 
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The Perkin-Elmer Corporation. 

Figure 911.-=-Pourihg Wax as a First Layer of a Plaster Block. 
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When the plaster has set firmly, the plaster 
block with its blanks is slid off the locating 
plate and the wooden pegs and tape are re- 
moved. The blanks are relieved by placing the 
bloek on a rotating spindle and using a revolv-r 
ing' dry wire brush. Collodion or gijfeonite is 
used, to waterproof the newly^exposed plaster 
surface. 

Ordnance Instrument Corporation 

Blocking Dove Prism Blanks with Plaster. 
—For convenience, this method ia illustrated 
by dcseribisg-its application to the biöckisg^öt 
dove prisms, but it has been used successfully 
with other types. In this method,, instead of 
pouring plaster oh the prism blanks after they 
have been mounted on the locating plate, the 
locating plate with the blanks is inverted and 
placed in the wet plaster mixture. In some 
cases, a specially built cast4ron mold, such as 
a V^pläte is used to aid the plaster iii holding 
the prisms rigidly. 

Staeking:.i-JThe side? of the prism blanks 
are waxed together in stacks of seven. Right- 
angle prisms are waxed on the top of the end 
and middle prisms (Figure 912-Ä), to aid in 
grinding to the correct angles and to keep the 
blanks from rocking on the locating plate. 
Then a coating of beeswax is applied to all the 
surfaces of the blanks except those whieh are 
to be fine ground and polished (Figure 912-rA 
and B). 

Locating .-^K glass locating plate is laid out 
with straight pencil lines spaced to correspond 
with the channels of the V-pIate on which they 
will be mounted, Then the stacks are contacted 
to the locating plate (Figure 912-^B) with a thin 
film of moisture and using the lines as guides. 
A drop of Beeswax is placed on several bottom 
corners of each stack to prevent them from 
falling out of position when the locating plate 
is later inverted. Figure 912-B shows six stacks 
mounted for grinding one of the inclined faces 
of the prisms. 

Ordnance Instrument-Corporation 

(h) Inclined Faces 
A-== stack with three rightfängle 
prisms attached 
B == six stacks seated on locating 
plate 
C == V-plate with paper ring 

(by Hypotenuse Faces 
D = four stacks seated on 
locating plate 
E = locating, plate with paper 
ring 
F == plaster block 

Figure 9i2.-^Steps in Plaster Blocking Dove Prisin-Blanks. 
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Blocking Inclined Faces. ^— The \A-plate, 

which is circular at its base and has two chan- 
nels, is coated with beesw^ and surrounded 
with a paper Hng. (Figure 912-rC.) A metal 
strip is placed on top of the V-plate between 
the two channels to prevent the locating plate 
with the prisms attached from settling beiow a 
certain level when inverted over the V-plate. 
The V-plate is filled with plaster and the lo- 
cating plate with the prism stacks attached is 
inverted and placed on the V-plate immersing 
the stacks in the piaster. The prism stacks are 
allowed to set until the plaster is firm. The 
glass locating plate is removed, by heating it 
sufficiently to separate it from thesprism blanks. 
The metal strip is removed and the plaster is 
relieved %2 

mch below the exposed surfaces of 
the prism blanks. 

Blocking, the Hypotenuse,—After fihegrihd- 
ihg and polishing both inclined faces, the three 
small1 right-angle prisms are removed from 
each stack and the dove prisms, strll in stacks 
of seven, are located on a glass locating plate. 
Four right angle prisms of equal height are 
placed on the locating plate with the hypote^ 
nuse surface of each in contact with it, as 
shown in Figure 912-D. These right-angle 
prisms, which should extend above the dove 
prisms when mounted on the plate* serve to fill 
in the empty spaces and limit the settling when 
the plate is placed in the plaster later. The 
method of locating is the same äs described 
above, A ring of paper is placed around the 
blocking plate and the plaster is poured (Fig- 
ure 9I2-E) . Then the locating plate is inverted 
and placed on the blocking plate. After the 
plaster has set, the locating plate is removed 
and' the prism blanks are now ready for the 
working of the hypotenuse face, .(.Figure 
912-F.f 

Research Enterprises Limited 

Blocking with Thin Plaster ('Kit' Method). 
—This method, which avoids heavy and cum- 
bersome plaster blocks, may be used for plaster 
blocking thin surfaces such as are found Oh 
several ocular prisms that are relatively flat. 
Several -kits' or mixtures may be used, the most 
common of which is composed of 20 ounces of 

rosin, 5 ounces of flake shellac, and one ounce 
of beeswax boiled together and formed into 
sticks or rounds. Care must be taken to avoid 
boiling the mixture too long or it will become 
too hard. The prisms are laid on a locating 
plate which is moistened with a film of water,, 
and the usual brass ring is placed on the plate. 
A layer of plaster is poured on top to a. depth 
sufficient to cover by % inch the highest blank 
on the plate. Then ä layer of kit, %- to ^riireh 
thick, is spread on top of the plaster. Next the 
blocking plate is placed on top of the kit. The 
function of the kit is to hold the thin plaster 
block firmly in contact with the blocking plate. 
When setting is complete the locating plate 
and the brass ring are removed. It should be 
noted here that when using the kit method for 
blocking, it is not necessary to have holes in 
the blocking plate and therefore an ordinary 
flat grinding tool may be used as a blocking 
plate. 

BLOCKING WITH WAX 

Mounting Prism Blanks 
ÖEastma« Kodak Company), 

Waxed Paper and Paraffin Method.—As aft 
alternative to plaster blocking, surfaces of 
prism blanks may be mounted by the following 
method: 

Prism blanks are placed in a metal1 angler 
plate, the surface of which is covered with 
waxed paper to protect -the blanks from the 
metal face of the angle-plate and provide the 
adhesion for holding them to the plate.. (Fig- 
ure .913.) 

ÄfteT any:"excess .paper .at the edge of the 
plate has been trimmed with a razor blade, the 
angle-plate with the prism blanks is heated for 
six to eight minutes, of until the paper becomes 
glossy. Then the plate is placed in a rack, a 
flat plate is laid on top of the prisms, and a 
thirty pound weight is applied tö hold the prism 
blanks in place until the plate and blanks have 
cooled to room temperature, which requires 
about twenty.to thirty minutes.    (Figure 914.) 
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Eastman Kodak Company 

Figure 913.—Mounting Porro Prism Blanks in Angle Plates Using Waxed Paper. 
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After the block has cooled, paraffin which 
acts as a filler to give additional support to the 
blanks is poured carefully between them to 
form a solid block.    (Figure 9Ü5.) 

This method of mounting with metal angle- 
plates, waxed paper, and paraffin is suitable 
for mass production. The accuracy of the fn> 
ished product depends on the accuracy of the 
anglerplate. 

Mounting Glass Plates 

Glass plates, such as blanks of reticles and 
rhomboid prisms, must be mounted carefully 
before fine grinding and polishing. They are 
mounted on a round blocking plate so that one 
of the parallel surfaces of each blank is in firm 
contact with the surface of the blocking plate. 
After the first side is polished, the blanks are 
transferred to another blocking plate where 
the newlyvpplished side of each blank is placed 
in contact with the paper on the plate. The 
second side is then ground and polished. 

Correcting the Blocking Plate Surface,— 
The first operation is to .check the flatness of 

the metal blocking plate. The plate is thor- 
oughly cleaned and its flatness is checked with 
a straightedge. M no light shows, the plate is 
satisfactory. If light does show, the plate is 
corrected by lapping two plates together, using 
a fine abrasive, until the desired degree of flat- 
ness is obtained. 

Preparing the Blocking Plate.-^-The plate 
is set on an iron tripod and heated with bünsen 
burners spaced so that the plate will be heated 
evenly. Heating should continue only until ä 
thin layer of the first-side wax used to mount 
the glass can be spread over the surface easily. 

Mounting the Blanks.—^Blanks of approxi- 
mately uniform thickness are placed1 on the 
blocking plate in systematic order, with four 
'markers' evenly spaced overhanging the edge 
of the plate about y^ inch as shown in Figure 
916. These markers permit micrometer read- 
ings to be taken of the thickness, and thus 
afford a convenient means for checking the 
progress of the grinding operation. Defective 
blanks may be used as markers since the 
markers usually are rejected for micrometer 

J 

Mastman Kodak Company' 

Figure 914.^-Prism Blanks Mounted with Waxed Paper Weighted Down 
" While Being Copied Artificially. 

;'.'. •*•/;* 
-,.     -r-=5t"rt- --'aaassaati- 



-3ir- 

scratcheSi Each, blank is pressed down, using 
a small wooden stick, so that it will make very 
close contact with, the plate. After the block 
has been allowed to cool in air for about 45 
minutes, it is placed in a water trough for 
further cooling. Care should be taken that no 
water comes in contact with the glass while it 
is still hot to the touch, or breakage will occur. 

When the blocking plate has cooled, any- 
excess wax that may be adhering to the edges 
of the blanks is removed with a blunt knife. 

After this, the exposed surface of the blanks 
is rubbed briskly with a small wooden block, 
wrapped in a cloth and moistened with gäso^ 
line, and then the blanks are ready for fine 
grinding and polishing on the first side* as 
described in Chapter il. 

Transferring Glass Plates 

After the first side is polished, the blanks 
are 'transferred' to another plate for grinding 
and polishing the second side. 

0 

1 

Eastman Kodak Company 

Figure 915.—A Block of Eorro Prisms After Polishing Hypotenuse Faces, 
Showing Paraffin Filler; 
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Preparing th<e Transfer Plate.-^A second 
blocking plate is placed on an iron tripöd, lev- 
eled, and heatedwith bunsen burners. As soon 
as the. plate is warm enough to melt the second^ 
side wax, the burners are removed and a thin 
layer of wax spread on the plate; Next a piece 
of newspaper is placed smoothly over the wax, 
excess paper around the edge of the plate is 
cut away-j and another layer of seeond^side wax 
is applied. 

Transferring the Blanks. -^ The inverted 
first-side block is lowered concentrically onto 
the prepared surface of the second-side plate 
in such a way as to prevent scratching" the 
polished surfaces of the blanks. Next, several 
five-pound weights are placed on top of the 
first-side block to insure close contact with the 
second-side plate (see. Figure 916),, and the 
whole is -allowed to cool for= about one hour. 

After cooling, the weights are removed, the 
combined plates are inverted on the tripod, and 
the first-side plate, which is now on the bottom, 
is heated with bunsen burners. This heating 
should continue only until the wax holding the 
blanks to the first-side plate has melted. The 
first-side plate now can be removed, leaving the 
blanks firmly mounted oh the second-side plate. 
The next operation is to grind arid polish the 
secoiid side. 

When the block has cooled, all excess wax 
is. removed from, the transfer block, either in 
the manner described for the first-side plate or 
by a simplified method discussed in Chapter 23. 
In the latter method, ä soäp solution, warmed 
to 180°, is poured on the plate and the plate is 
scrubbed vigorously with a brush until it is 
clean. 

}'> 

Figure 916i-Vfränsferring Reticle Blanks. 
The first-side block is weighted down against the transfer plate while cooling. 
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This chapter deals with operations which 
prepare lens blanks for fine grinding and pol- 
ishing after rough grinding has been completed. 
A plastic binder, usually wax, is first attached 
to the Wanks in an operation known as 'back- 
ing'; When three or more lens blanks can be 
processed at one time, they are 'located' or 
positioned on the spherical surface of a 'locat- 
ing shell' having very nearly the same radius 
of curvature as the lens blanks themselves. 
They are then 'mounted' on a 'blocking shell' 
where they are held firmly in place by means of 
the backing. The term 'blocking' includes both 
'locating' on the 'locating shell', and 'mounting' 
oh the blocking shell.' 

Three methods of shaping and applying the 
wax or backing are described in this chapter-— 
two in which the wax is molded into- 'buttons' 
and a third in which the wax is formed into 
the shape of a ring. An accurate method of 
cold blocking, as opposed to the conventional 
heatedTblöck methods, is also discussed. 

Lens blanks are usually blocked in multiple 
at one or more stages of manufacture, although 
certain blanks must be processed individually 
because they are of such a shape that multiple 
blocking is not feasible. 

Multiple processing of several blanks as a 
unit can be done by two distinct methods— 
either by mounting (1) on the spherical sur- 
face of ä blocking shell, or (2) in the cavities 
of a 'spot blocking shell'. When mounting lens 
blanks on a blocking shell, it is assumed that 
they have been rough ground to the proper 
curvatures and thickness. Spot blocking shells, 
which contain cavities for mounting each of a 
group of lens blanks in a fixed position, have 
been described in Chapter 8.    Appendix D coh- 
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fixtures used. 
Most of the procedures described are in use 

ät Fränkford Arsenal and illustrate the general 
principles of backing and blocking. Some var- 
iations of these procedures are also included 
because they have been used successfully by 
other manufacturers. 

BACKING 

'Backing' is a general term applied to the 
operation in which a wax or pitch binder is 

attached to one surface of a lens blank prepaiv 
atory to blocking. When this wax or pitch 
backing is made into a shape similar to a 
button, it is often called a 'pitch button' and 
the operation may be referred to as 'pitch 
buttoning'. 

Single Mold Method 

A single mold is a metallic clip-like recepv 
tacie of the same shape and size as the pitch 
button to be attached to the lens blank. This 
pitch button mustjjover the entire surface of 
the blank and provide a sufficient depth of wax 
for binding with the blocking sheik (See Fig- 
ure .10.01'.) While in use, the mold is kept 
chilled in a pan of ice water to expedite setting 
and to prevent the pitch from sticking to it. 

Gleahing.T^Lens blanks may be cleaned by 
soaking in alcohol and then wiping clean and 
dry, or by washing and degreasing äs described 
in Chapter 23, Cleaning Optical Elements. Lack 
of cleanliness of a lens blank surface, or of the 
equipment and materials Used in processings 
often make it difficult if not impossible to 
moUnt a blank properly. For example, a for- 
eign particle between the lens blank surface 
and the locating shell may affect the accuracy 
of the mounting and cause subsequent process- 
ing to be unsatisfactory. Again, if wax is 
applied to a polished surface that is not clean, 
it is quite possible to scratch the surface when 
removing the wax. 

Heating Lens Blanks and Wax.-7-The lens 
blanks are arranged in rows, on a clean paper 
towel which is spread ön ä heating unit, with 
the surfaces to be processed downward. Then 
the blanks are heated to between 120 and 
130°F., the maximum temperature at which 
iffitef may be handled comfortably. 

Backing wax is maintained at a tempera- 
ture of about 215 "F., so that it will flow slowly 
when scooped up on the end of a stick. 

Buhsen burners may be used for heating, 
but steam or electrically heated units,, thermo- 
statically controlled, usually provejmore satis- 
factory. 

Applying, Wax to Lens Blank.-^The quan- 
tity of wax needed to produce a, button of the 
desired size, is gathered on a small wooden stick 
by revolving it slowly in the 'pitch pot', and 
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Figure 1001.—Arrangement for Backing Lens Blanks by the Single Mold. Method. 

then withdrawing it with the desired amount 
of wax. Next the wax is rolled on a cold metal 
plate placed directly in front of the operator, 
until it has cooled to the point where it will 
retain, its shape but is still plastic enough to 
mold. Then it is pressed on the surface of a 
warmed blank until it sticks. The whole is 
lifted from the heating unit, and with the blank 
held in one hand, the wax is distributed, with 
a rotating motion of the stick, over the entire 
surface to be backed. 

After the desired amount of wax has been 
so transferred to—and distributed over-^-the 
backing surface of the blank, the stick is with- 
drawn and the lens blank with the wax at- 
tached is inverted and pressed into the moid 
which is resting in ä pan of ice water. This is 
done to shape and set the button. 

During this operation any excess material 
will be forced outside of the mold and will 
adhere to the edge of the lens blank. The 
surplus is removed after cooling, (by scraping 
it away with a knife or similar tool) and the 
exposed surface of the blank is cleaned again 
thoroughly to make it ready for polishing. 

Split Mold Method 

(Anchor Optical Corporation) 

Unlike the open or single mold method de- 
scribed a'bove; the split mold consists of two 
mating halves, as shown iii Figures 1002 arid 
1003. The lower half has ä recess to receive 
the lens blank and supports the edge of the 
blank. The upper half has ä similar recess, 
also a hole in the top through which the wax is 
poured. The inside of the upper half is the 
shape and size of the pitch button. It will be 
seen that both halves of the mold may be aiike, 
if desired, and that the size of the molds will 
vary for lenses of different sizes and shapes. 

A convenient device for uisgeinsiug wax to 
this type of mold is shown in Figure IÖÖ4. 
This figure illustrates use of the dispenser 
when halves of split molds are used as single 
molds. The dispenser is equally effective when 
used in connection, with complete split molds-. 

Preparing the Mold.—To prevent sticking, 
the inner surfaces of the mold are painted with 
a solution of rouge and water which must be 
repeated at sufficiently frequent intervals to 
assure that ho, bare metal is exposed.   The lens 
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LENS BLANK 

Anc/ior Optical Corporation 

Figure 1002^—Pitch-button Split Mold. 

which need not be heated, unless of large size, 
is placed in the bottom section of the mold* 
resting in the recess provided for that purpose 

and then the upper section is placed in position 
over it, (see Figure 1002). 

Heating and Pouring Wax. —A pitch pot 
equipped with pouring nozzle in the base is 
placed above the turntable, and the wax, which 
is maintained at a temperature of 2159 F., is 
allowed to run into one mold after another äs 
the turntable below is turned. 

Removing Lens Blank from Mold.—After 
allowing two or three minutes for the wax to 
set, the upper section of the mold with the 
pitch button and lens blank is lifted from the 
lower section. The blank with its button is 
released from the mold by pressing on the but- 
ton through the pouring hole with the blunt 
end of a wooden stick, after which the blank is 
trimmed and Cleaned as described under Single 
Mold Method, 
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Figure 1003.^-Split Molds Used for Backing Lens Blanks; 
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Figure 1004.—Wax-dispensing Device for Use in Backing Lens Blanks. 
(Official U.S. Navy Photograph) 

Soft-ring Mold Method 

(Naval Gun Factory) 

Very thin lenses, and lenses whose center 
thickness is considerably less than their edge 
thickness, are apt to 'spring' during backing 
and: blocking. 

To avoid the possibility of 'springing' the 
so-called 'soft ring' mold method has been 
developed. 

Pitch, consisting of five parts asphalt, five 
parts plaster of paris, and one part coal tar, 
is made into stick form.   The lens blank is 

backed by heating and applying? to -the outer 
portion of surface to be backed, ä quantity of 
pitch sufficient to form a ring. The ring is 
shaped by pressing against a flat plate, and 
the blank then is ready for blocking; 

BLOCKING LENS BLANKS SINGLY 
(ANCHOR OPTICAL CORPORATION) 

A method for mounting lens blanks singly.j 
äs developed by Anchor Optical Corporation 
for processing the concave surfaces of small 
lens blanks, uses ä blocking shell approximately 
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i%e inch in diameter and ^-inch thick, as 
both a moid and a blocking shell, (See Figure 
10Ö5.) On one end is a small depression into 
which the pin of the polishing arm. fits; while 
the other* end has a cavity that extends to a 
sharp edge. This cavity is filled with the 
pitch and the lens blank side to be backed is 
pressed into it immediately. Another method 
for mounting lens blanks singly is described 
under "Short Radius Work" in Chapter 12. 

BLOCKING SHELL 

WAX 

-*-LENS BLANK 

Anchor Optical Corporation 

Figure 10Ö5.—Single Lens Block for Small 
Concave Blank. 

BLOCKING LENS BLANKS IN MULTIPLE 

The number of lens blanks that can be 
processed successfully on one blocking shell 
depends oh the ratio of the radius of curvature 
of the blank to the diameter of the blank. It 
will be seen that, for a given diameter, as the 
radius of curvature decreases, the size of the 
shell decreases* and the number of pieces that 
can be mounted on one shell will decrease also 
until finally individual processing is necessary, 
it is necessary to block convex lens blanks indi- 
vidually when the ratio of the radius of curva- 
ture of the blank to the diameter of the: blank 

Y~ is less than .83, and concave blanks should 

be blocked individually when this ratio is less 
than .87, 

The maximum diameter of blocking shell 
that can be used is approximately twice the 
radius of curvature of the lens blank surface to 
be processed. However* the size may be limited 
below this theoretical maximum because of the 
type of machine on which it is to be used or 
to make the block easier to handle; While 
shells having a diameter of eight inches or less 

are the most practical to handle, some as large 
as sixteen inches in diameter have been used. 

Locating 

Locating Shell,—The function of the locat- 
ing shell is to hold the lenses in the proper 
position during the blocking operation. Theo- 
retically the radius of curvature of this tool 
should be the same as that of the finished 
lenses but actually it is a little shorter when 
convex blanks are to be blocked and a little 
longer wheii concave blanks are to be blocked. 
The purpose öf this -siight-differehce in curva- 
ture between tool and blank is to create a 
partial vacuum to hold the lenses lightly in the 
desired position until they are transferred to 
the work block. In some shops the fine grind- 
ing tool is used as ä locating shell as well* 
particularly for blocks which substend ah angle 
of less than 120 degrees. Although this prac- 
tice may be followed where economy is neces- 
sary* it is safer to use a special locating shell 
Oi tue correct curvature. 

Arrangement of Lens Blanks. — When ä 
number of lens blanks are mounted oii one 
blocking shell for processing, regardless of the 
curvature of the surfaces, they must be ar- 
ranged symmetrically so that the grinding and 
polishing will be uniform for alL The sym- 
metrical pattern selected should be the one 
which allows the greatest number to be placed 
on the block. Cardboard or rubber templates, 
cut in the desired pattern, may be used as a 
guide in locating. (See Figure 1006.) The 
template also simplifies the relieving operation 
as the mere act of removing the template re- 
lieves the block* 

When the number of blanks to be processed 
is insufficient for göpd operation, 'dummy' 
pieces are added to complete the proper sym^ 
metrical arrangement. The surfaces of these 
pieces, which act äs supports for the polishing 
or grinding tool, should have the same curva- 
ture äs the surfaces to be processed. 

_ MOUNTING 

Arbor Press Method. Large Radius Lens 
Blanks. r~- After the locating shell has been 
cleaned thoroughly, the lens-blank surfaces to ;# 

.*- > & p^^*$^^!^-^K^V~'   ^5»*Ha--' *•? •• ~- •RwaMMtsye^argB* 

r^ 
-i-i.T-.bSÄkaurää 



Pirns' 

c 

Figure 100.6.—Template for Arranging Lens Blanks 
Symmetrically on a Locating Shell." 

be processed are moistened just enough to ad- 
here to the surface of the locating shell. While 
too much moisture may cause the blanks to 
slide* when they are mounted properly a firm 
suction is set up between the moistened surface 
and the locating shell. 

The locating shell with its blanks is placed 
oh the anvil of the arbor press; and the blocks 
ing shell is cleaned thoroughly and attached to 
the spindle. Next the blocking shell is heated 
with a bunseii burner until a piece of the blocks 
ing wax will melt on it unless, by an alternate 
method, it has been heated before the locating 
shell is placed in the press. (See Figures 1007 
aiid 1008;) The heated blocking shell is low- 
ered slowly until it comes in contact with the 
pitch buttons on the back of the lenses when a 
steady, firm pressure is applied until the wax 
nielts. At this point the operator should check 
the accuracy of the contact. If contact with 
the wax is satisfactory, pressure is applied 
again until the blocking shell has been forced 
\down as close äs possible to the lens blanks 
without making, direct contact with them, as 
such contact would damage their surfaces. 
The thickness of the layer of wax between the 
blanks and the blocking shell should be at a 
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minimum, iii order to reduce any tendency of 
the blanks to shift during processing. After 
the blocking shell has been brought to the de^ 
sired position it is cooled by a stream of water 
to harden the wax. The water should not be 
cooler than 50 °-F. A lower temperature may 
crack the glass, or cause too rapid contraction 
of the wax and thereby separate the pitch 
buttons from the blanks. After cooling, the 
block is removed and is ready for processing* 

Small Radius Lens Blanks.—The following 
method is sometimes used to block small lens 
blanks three at a time. 

The. blanks are placed on ä locating shell 
with a film of moisture as was described pf en- 
viously, but in this method they are first heated 
to avoid breakage when they contact the hot 
wax. 

Sufficient wax, hot enough to flow easily, is 
poured into the concave member, whether it be 
blocking shell or locating shell, so that the 
amount of wax and the convex member, tc^ 
gether will just fill the concave member. The 
convex member, whether locating shell or block- 
ing shell, is lowered into the wax (see Figure 
1009). 

When the wax has cooled sufficiently the 
blocking shell, with the blanks aiid wax adher- 
ing to it, is removed while tapping the locating 
shell lightly. Finally, the lens blanks are re- 
lieved, using,a solvent. 

Hand Method. Large Radius Lens Blanks. 
—^Lens blanks may be hand blocked without 
the aid of an arbor press. The locating shell, 
containing the backed blanks an4 the steelrball 
stops (hot illustrated), is held upright in a fix- 
ture. (See Figure 1010 which illustrates this 
•method, a^^lied to blocking convex -blanks^ 
The heated blocking shell, held by ä wooden 
handle not shown in the photograph, is placed 
upon the pitch buttons. The steel-ball stops 
are held in place with modeling, clay ahd are 
placed symmetrically around the edge of the 
locating shell. These stops limit and assure the 
evenness of the settling of the heated blocking 
shell so that the centers of curvature of the 
blocking shell and of the locating shell will 
coincide; Added weight is sometimes used to 
speed up the rate pf settling.   The work block 
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is coolgd with water after the blocking shell 
has settled sufficiently, and the locating shell is 
then removed. 

Small Radius Lens Blanks.—Wax is poured 
on a heated blocking shell and formed by a 
complementary tool iiito a layer of uniform 
thickness, any excess wax at the edges being 
s«raped off. Then the lens blanks are seated 
in the wax on the blocking shell by hand, and 
pressed in up to their edges with a comple- 
mentary tool whose function is the same as a 
locating shell. 

Cold Method.-^-This is a blocking method 
for fine grinding and polishing elements, the 
surface curvature of which must he accurate 
within one or two interference rings when 
tested with a test glass. Certain height-finder 
objective lenses, mirrors, optical flats, and 
wedges fäll within this class* 

Using. Wax Pellets.-^-hittle warm pellets of 
uniform size and thickness such as described 
iii Chapter 18 under Windows and Mirrors, 
are spaced evenly on the blocking shell, and the 
element is pushed down on them before they 
set. 

Since no heat is applied to either the ele- 
ment or the locating shell, there is less possi- 
bility of glass warpage by this method than by 
the hot methods described in Chapters 9 and 
12. The surface contour of the element re- 
mains accurate. 

Using Plaster of Paris.—Leiis blanks may 
be mounted on blocking shells using plaster of 
Paris instead of blocking wax. The method 
that is used is similar to that described for 
mounting prism blanks in plaster, (see Chap= 
ter 9), and a rubber template may be used, 
both to locate the blanks and to simplify the 
relieving operation. 
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Figjire 1007,T^Arbor Press Used for Blocking Concave Lens Blanks. 
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Figure 1008.-^rArbor Press Used for Blocking Convex Lens Blanks. 

Spot Blocking 

The manufacture of spot-blocking shells is 
described in Chapter 8 and illustrated in Fig- 
ure 807. 

Wax Method.-—After the spot-blocking-shell 
has been heated with ä buhsen burner or by 
other suitable means, each spot cavity is coated 
with wax. This is done either by molting 'stick' 
wax against the heated surface of the. cavity 
or by brushing melted wax over the cavity 
surface. The lens blank is placed in the waxed 
cavity and rests on a shoulder in the cavity. 

After the blanks have been mounted; the 
spot-blocking shell is put in a water trough to 
cool, taking care that the water does not touch 
the blanks. The shell, is cooled to a lukewärm 
condition and is then removed from the water 
to avoid 'freezing' the wax. Freezing causes 
air bubbles under the blanks and makes it 
necessary to remount them. 

After ä visual inspection to insure that the 
blanks have been mounted properly, the block 
is ready for processing. 

Plaster of Paris Method. — Lenses which 
may spring during polishing, or warp if too 
much heat is applied to them, are mounted with 
plaster of paris instead of with regular block- 
ing wax; In using plaster of paris, the blanks 
are placed in ä tray arid heated to about 15Ö°F., 
and then a thin cöät of beeswax is brushed on 
the lens surfaces that will be next to the 
plaster. This beeswax acts äs a protecting 
layer between the blanks and the plaster and, 
in addition, iriakes it comparatively easy to 
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completed. The cavities of the spot^blocking 
shell are filled with plaster flush with the sur- 
face of the shell,, the lens blanks are pressed 
into place until they are seated squarely and 
firmly, and then the block is set aside until the 
plaster hasset. Any excess plaster that remains 
around the edges öf the blanks is scraped away 
before the block is put on the grinding and 
polishing machines. 
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Figure 1010.—Blocking Convex Leris= Blanks by Hand. 
(^Official U.S. Navy Photograph) 
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REMOVING LENS BLANKS AFTER 
POLISHING 

From Blocking Shells.-^~ After polishing, 
the lens blanks, with buttons attached, can be 
removed from the work block by means of ä 
small metal wedge. Pitch buttons <are then 
separated from the blanks by holding a wooden 
peg against each button and striking it sharply. 
Any wax which still adheres to the blanks must 
be removed with solvent. 

An alternate method is to chill the entire 
lens block using an industrial subzero freezer, 
ör 'dry ice', to a temperature of from ^10° to 
-r'3'0°F. The unequal contraction of the glass 
aiid v/ax breaks the bond of the wax and per- 
mits the polished blanks to be removed with 

little qr no wax adhering to. them. The chilling 
requires 20- to 30 minutes, but greatly simplifies 
the problem of cleaning the lenses. 

From Spot-blocking Shells. — The spot- 
biöckihg shell is heated with bimsen burners to 
soften the wax and the lens blanks are removed 
by hand or with a suction cup. If the blanks 
are mounted with plaster, it is necessary only 
to heat the block until the plaster cracks, re^ 
leasing the blanks. Any plaster which still 
adheres to the blank is knocked off and the 
blanks are wiped clean. 

From Plaster Blpcks.^-The method for re- 
moving lens blanks from blocking shells when 
mounted in plaster- of paras is similar to that 
used for removing prisms, as described in 
Chapter SL 
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FINE GRINDING AND POLISHING FLATWORK 

§ 

• 
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Fine grinding and polishing are distinct 
operations, but they are related so closely that 
they are discussed together in this chapter. The 
term 'flätwork' includes prisms, glass plates 
(windows, filters, reticles, or mirrors), and the 
plane surfaces of lenses^ 

Fine grinding and polishing of flatwörk is 
usually done in multiple, the number of pieces 
that can be processed at one time depending on 
their size and shape and the size and weight of 
the block in which they are mounted. When 
so processing in multiple, it is necessary to 
mount fiafework on blocking or angle plates, 
using plaster of paris, pitch, or wax to hold 
the elements securely in place. 

The optical machinery that is used for the 
work is discussed in some detail because the 
same machines can be used for fine grinding 
and polishing both fiatwork and radius work, 
remembering that usually those used for proc- 
essing the latter are somewhat lighter in con- 
struction (see Chapter 12). 

The purposes of fine grinding are to reduce 
the pits and surface irregularities left by rough 
grinding so that the polishing operation which 
follows can be done in ä reasonable length of 
time, to grind the surface of each piece closely 
to the desired planeness of surface, and to 

•bring the element to the required finished di- 
mension. The fine grinding is done with abra^- 
sive and a cast-iron tool, the operating surface 
of which has been machined and, if necessary, 
ground and lapped until it is of the required 
shape and accuracy. 

In fine grinding it is important to remember 
that the surfaces being processed can be dam- 
aged very easily by loose particles of grit or 
dirt and that it may be impossible to remove 
a, deen scratch or pit caused- by such püMioles 
without grinding a block so much that all the 
elements on it become top thin to use. 

The mächine (see Figures 1101 and 1102) 
is set for the particular operation by adjusting 
the pressure of the arm on the work, the speed 
of the spindle, the frequency and length of 
oscillation, and the location of the center of 
oscillation. (In this manual, the 'center of 
osculation' of the upper unit of the mächine 
is defined as the position of the axis of the 
'pin* (see Figure 1161) ät the midpoint of the 
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stroke.) The fine-grinding operation is started 
by placing the tool on the rotating spindle of 
the machine, applying some abrasive and, hold- 
ing the block with the hand, lowering it on the 
tool gently and evenly and moving it back and 
forth until the abrasive has started to act on 
the entire surface of the block. This should 
require approximately 1 minute and is done to 
remove any irregularity that might exist on 
the surface. 

After this preliminary operation, mächine 
oscillation is started and maintained until the 
fine grinding is finished. However, it may be 
necessary to stop the mächine and change some 
of the initial adjustments. The grinding rer 
quires from 15 to 45 minutes, with applications 
of abrasive being made at regular intervals. 

After grinding, the block is removed, washed 
thoroughly to remove all abräsive, and dried. 
Then the flat surfaces of the elements are 
inspected, with a. magnifier under an electric 
light, for quality, The flatness ör contour öf 
the surfaces is tested by placing a straightedge 
across them. If the surfaces are scratched ör 
pitted or if the contour is unsatisfactory, the 
block is re-ground, making any changes in the 
setting of the machine that may be advisable. 

The first step in polishing is to make a 
polishing tool, This tooi is similar to the fine- 
grinding tool in sifce and dimensions but has 
a working surface consisting of a layer of pitch 
which is applied to. the surface öf the cast-iron 
tool. The pitch is prepared for correct hard- 
ness at the working temperature. After the 
pitch has been prepared, it is poured on the 
plate iii a uniformly thick layer and allowed to 
cool, after which it is beveled and grooved. 

In polishing, the block of work is custom- 
ari.lv eo+ c\n .+.Via lhwon eruri^lo.Acoo. TT.inmKn 1.109!\ 

and rouge is applied to the surfaces of both the 
block and the polishing tooi. The machine ad- 
justments are similar to those used in fine 
grinding. 

After about 15 minutes of polishing, the 
block is examined for any defects; in the con- 
tour of the surfaces of the block or polishing 
tool. Thereafter, at intervals of about 1 hour, 
the contour is checked with an optical flat aiid 
the polishing tool is fe^beyeled and rergrööved 
at the same time.   If necessary, the machine 
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Figure 1101.—Arrangement of Work for Fine Grinding a Block of Prism Blanks. 

is re-adjusted before polishing is resumed. On 
the other hand,, if the contour has deteriorated 
to a large extent, the block is returned for re- 
gr-indirig. 
. The poiishing is completed when the desired 

flatness has been produced and the surface is 
free of 'gray', scratches, pits, and other defects; 

PINErGRINDING AND POLISHING 
MACHINERY 

Fundamentally, the function of a fme-grind- 
ihg or polishing machine is to provide a mecha- 
nism for -rubbing ah abrasive or rouge on an 
element or a block of elements* The polishing 
or grinding tool used must be opposite in cur- 
vature to the surface which is to be processed. 

These machines are made in many sizes, styles, 
and, designs* but practically ajl are arranged to 
assure a changing path of contact between the 
surfaces of the glass and the tool. 

The typical machine has a series of two 
or more power-driven spindles, and, over each 
spindle, an oscillating upper 'unit'. A setup of 
at least two spindles is required to fine.grind 
and polish a surface automatically, whether it 
be single or composite, curved or fiat. Some 
machines are being developed that have lubrir 
cant injectors for the polishing and grinding 
compounds and extra spindles to carry tool 
truing devices; 

The top unit on the majority of standard 
machines is designed to oscillate from side to 

1F^ ^e? 
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§ Figure 1102.—Arrangement of Work for Polishing a Block.of Prism Blanks. 
Note that the relative positions of the prism block and polishing tool are reversed as 

compared with the arrangement for fine grinding shown in Figure 1101. 

side, although on some it moves back and forth. 
On most of the machines, the work or tool 
mounted in; the top. unit is xotated by Its coil- 
tact with the tool or work mounted on the 
power-driven spindle. Special machinery, gen- 
erally for short radius and small diameter sur- 
faces, has been built with a positive drive on 
both a lower and ail upper spindle, thus caus- 
ing the tool and work to rotate in opposite 
directions. 

If the top unit oscillates, it must be adjusted 
so that the path of oscillation of the axis of the 
'pin' (see Figure 110-1)' intersects the projected 
axis of rotation of the spindle.    In addition, 

the top unit must be designed so that pressure 
can be applied to the member it is; driving, 
whether it he work oiiooL .Theimachine shown, 
in Figures 1101 and 1102 illustrates typical 
upper and lower 'units'. The single lower unit 
has a mötor^driven spindle, placed near the 
front of the bench, which rotates in the center 

•of a 'patt' (used for collecting any spillage of 
water or abrasive) and carries either the block 
or the tool. The speed of this spindle can be 
varied, since it is belt-driven by a pair of cone 
pulleys. Moreover, the motor may be supplied 
with a speed regulating device, in addition to 
the customary speed reducer.   The top end of 

^-, '^Xy^*^^.^ 



1106 

the spindle is provided with an adapter. which 
is screwed on the spindle accurately« The up- 
per end of the adapter is machined to receive 
the tools and blocks which may be equipped 
with threads or tapers. In all fine grinding 
and polishing, the larger member, whether tool 
or block, is placed oh the spindle. The machine 
shown in, Figure 1101 has an abrasive-covered 
griiidihg tool mounted on the spindle and an 
inverted block of prisms mounted over the tool. 
In Figure 1102 the machine is shown loaded 
with a block of prisms on the spindle and with 
the polishing tool working on top. 

The upper unit has an oscillating head and 
arm mounted on a 'base'. An auxiliary spindle 
in the rear rotates the 'stroke regulator'. The 
length of the stroke or sweep is set by moving 
the 'stroke regulator awn', which is held in, 
place by the 'clamping screw' in the T-slot of 
the stroke regulator. 

Äs the stroke regulator revolves, it moves 
the 'stroke regulator arm' back and forth. 
Through the connection at the 'shackle', the 
'shaft' is thus caused to oscillate about its 
'pivot', The oscillation is transmitted in turn 
to the -oscillating arm' which supports the 
'pin', the bottom end of which rests in the tool 
or in the Work block* whichever is oh top. 

, (Figure 1102 shows the polishing tool on top.) 
The location of the 'center of oscillation* is 
controlled by the position of the oscillating arm 
on the shaft, Which ah turn is determined by 
the location of the 'bracket' which can be 
moved along the shaft and is held in place by 
the 'bracket setscrew'. 

:The oscillating arm should be approximately 
horizontal when the machine is in operation. 
This pjasMon can be obtained by adjusting the 
length of the 'pin' and locking it with the 'pin 
setscrew'. The 'pin1 is kept in close coiifcact 
with the tool by placing a weight or weights 
on the 'pin'' and under the -clamping disk'. 
Ic. addition to the adjustments and parts men- 
tioned above, the distance of the 'pin' from the 
'shaft' may be varied by moving the. rod which 
carries the 'pin' and which slides in a channel 
in the oscillating arirh This, last adjustment 
is used when the machine is first installed, to 
locate the arc of oscillation of the 'pin' so that 
it intersects the projected axis of rotation of 

the- spindle.   Once set, the radius of rotation 
of the 'pin' should not be changed. 

In the Tower unit, a 'ring' (see Figure 1102) 
is screwed in place on the spindle. This 'ring' 
covers the opening between the spindle and the 
inside edge of the 'pan' in order to divert any 
dripping abrasive materials into the pan and 
away from the bearings. 

FINE GRINDING ELÄTWÖRK 

Grinding Tool.^-In fine grinding flatwork, 
it is extremely important that the surface of 
the grinding tool be kept optically flat through- 
out the entire operation, because curvature in 
the tool will produce curvature in the work-. 
Although a straightedge is used sometimes to 
determine the flatness of a surface, an optical 
flat is more accurate. One or the other ihay 
be used either on the tool or on the polished 
glass. When an optical flat is used, the work 
should be done under ä monochromatic light 
as described in Chapter 22. A small deviation 
in the surface of either the grinding tool or 
the work may be corrected by adjusting the 
machine* However,, if the surface of the tool 
is in such condition that it cannot be corrected 
oh the machine, the tool must be removed and 
other methods used. One such method is to 
lap two grinding tools together. A variation 
in this method is first to ihake a rough correc- 
tion with an abrasive stone, äs described in 
Chapter 7, and then lap with another tool until 
the surface is satisfactory. 

A lower, member (usually the tool in fine 
grinding), whose surface has become convex, 
may be corrected during the grinding operation 
by making one or more of several adjustments 
that may be required, see Figure 1103(a). 
TRese afe^:' (ir/ \v uwrease the speed- of the 
spindle; (2) to increase the speed of the oscil- 
lating arm,; (3) to adjust the 'center of oscilla- 
tion' so that it is directly over the axis of the 
spindle; and (4) to decrease the length of 
stroke so that the upper member sweeps only 
a very short distance beyond the outer edge of 
the loWef meftfber. Oh the other hand, if the 
surface of the lower member is concave aä in 
Figure 1103 (b) * the required adjustments are". 
(1) to increase the speed of the spindle; (.2) 
to decrease the speed of the arm; (3) to move 
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l*4*i STROKE 
CENTER OF OSCILLATION 

UPPER MEMBER 

LOWER MEMBER 

(a) Lower Member Convex 
li   Decrease spindte äpee^ 
2. Increase öscillä^ifg-ärm speed 
3. Adjust oscillating lfm so; that 

center of oscillation lies in axis 
of spindle 
Adjust stroke regulator for 
shorter stroke of oscillating arm 

(b) Lower Member Concave 

4, 

1. 
2. 
3. 

4. 

Increase spindle speed 
Decrease ösciljating-ärm speed 
Adjust oscillating arm so that 
upper member sweeps beyond= 
edge of lower member" oh one 
side only 
Adjust stroke regulator for 
longer stroke of oscillating arm 

Figure ilOS.^Machine Adjustments for Correcting Deviations from Flatness. 
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the 'center of oscillation' further to the left of 
center; and (4) to increase the length of the 
stroke. 

Adjusting the Oscillating Arm—^The fac- 
tors governing the adjustment of the oscillat- 
ing arm for fine grinding and polishing are: 
(1) the diameter of the lower member; (2) 
the length of the stroke; (3) the location of the 
center of oscillation. 

As stated earlier, the diameter D of the 
lower member is ordinarily slightly greater 
than the diameter d of the upper member. 
The difference between the two diameters is 
denoted by M. 

Three settings of the arm of the machine 
are shown in Figure 1104, each having an ap- 
proximate oscillation of D/A. 

(a) Normal Setting.—To set the oscillating 
arm to maintain a flat surface, the center öf 
oscillation is put to the left of the axis of the 
spindle and at ä distance from it equal to 
D/8 ^r Mi/I, With this setting, the right edge 
of the upper member will oscillate from the 
right edge of the lower member toward the 
center of the latter. 

(b) Corrections*-^ If curvature develops, 
the center öf oscillation should be moved SQ 
that it is either directly over the center of 
rotation of the lower member if the surface öf 

the lower member is convex, or a distance of 
D/8 + M/2 to the left öf the center of rotation 
if the surface of the lower member is concave. 
With the former setting, i.e., directly over the 
center öf rotation, the center of the block is 
polished continuously and more glass is pol- 
ished from that portion, while with the latter 
setting, the greatest polishing is at the edges 
and the edges are reduced. If a change in the 
center of ^oscillation of the arm does not pro- 
duce sufficient correction, the next step is to 
change the length of the stroke itself. It is 
important to remember that too short a stroke 
tends to make a concave spot or 'hole' in the 
center öf the block, while a stroke that is too 
long will bevel the outer edge of it. Bearing 
this fact in mind, the stroke should be lengthr 
ened to correct a concave surface of a lower 
member j and shortehed'to impf övevä convex one. 
Also* that the stroke should not be changed 
without first trying the other corrections just 
mentioned* because it must be returned to its 
original setting when a new block is started. 

The normal speed of the spindle is about 
35 rpm with the oscillating arm making ap- 
proximately 20 stokes per minute* 

Selecting Abrasives. — Abrasives with a 
particle size similar to that of #303, and either 
#1600 or #2100 are used for fine grinding. 
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Figure 1104.—Oscillatiiig-ärm Adjustments for Correcting Deviations from Flatness. 

The #303 abrasive is used to reduce the ele- 
ments to within 0.002 or 0.003 inch of the 
finished thickness and the finer abrasive, such 
as #1600 oi? #2100, is used to complete fine 
grinding.   However, if the surfaces have al- 
ready been hand-corrected with #303 abrasive 
at the close of the rough-grinding operation 
(see Chapter 4, Rough Grinding Prisms By 
Hßnd), the use of this abrasive can now be 
omitted.   It should be noted that the removal 
of surface also reduces any pits remaining 
after the rough-grinding operation.   However, 
since the removal of more than Q.004 inch of 
surface depth should be done with a coarser ab- 
rasive than #303, pits pf greater depth should 
be reduced to this depth or less at the close of 
the rough-grinding Operation, or, in any event, 
before tne blanks are blocked for fine grinding. 

Grinding Procedure,   ßand Grinding. •*- 
Assuming the tool is the lower member, after 
the  selected abrasive and water have been 
blended to a fluid consistency, the mixture is 
applied to the surface of the tool with a small 
paint brush or by some other suitable means. 
The care heeded when working with the finer 
abrasives is greater than when the coarser ones 
are used, because of the closer contact main- 

tained between the glass and the grinding tool. 
After inverting the block, it is placed oh the 
tool slowly, carefully, and in such a manner 
that the surfaces of all the elements on the 
block touch the tool at the same time; Next it 
is moved by hand across the rotating tool sur- 
face for approximately 12 strokes until grind- 
ing has started on all glass surfaces of the 
block. The block is then ready for machine 
grinding. 

Machine Grinding .-—One arrangement of a 
battery of machines for fine grinding is shown 
in Figure 1105; Before using a machine for 
fine grinding, some adjustments are necessary. 
As already stated, these are the pressure of 
the arm oh the Work, tM Igeed of the"WW'if" 
spindle, the frequency of oscillation, the length 
of stroke, and the location of the center of 
oscillation. For the initial setting: (1) the 
speed of the spindle and the frequency of os- 
cillation should be at a medium rate; (2;> the 
stroke should be one quarter of the diameter 
of the tool; and (3) the center of oscillation 
should be to the left of the center of rotation 
of the spindle, at a distance equal to one eighth 
of the diameter of the tool, minus one half of 
the difference between the diameters of block 
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and tool. With so many adjustments to make, 
the initial setting of the machine will seldom 
produce the desired flatness and therefore some 
readjustments are usually necessary after fine 
grinding has started 

The abrasive should be allowed to break 
down completely during the last few minutes of 
grinding, and only enough water to keep the 
surface moist should be added. When the abra- 
sive has broken down sufficiently it will appear 
on the tool to be almost black; However, it 
must not be allowed to over-expend itself or to 
become dry, as numerous scratches will result, 
Aside from cleanliness, other precautions which 
should be taken to avoid' scratches are to mix 
the abrasive and water thoroughly and to dis- 
tribute the mixture evenly on the work. 

Inspecting After Fine Grinding.—After the 
block has been fine ground, it is washed thor-: 
oughly to remove all traces of the abrasive and 
then dried. Next, the block is inspected with 
a magnifier to make sure that any scratches 
and pits have been properly reduced. 

POLISHING FLATWORK 

While all types of fiatwork are polished 
similarly, prisms and reticles each require-some 

--   ~    .--.-;_,      _. .;-;-" -    --7       .~"1t*09:" 

special treatment which will be discussed later 
in this chapter. If the work is done in an 
atmosphere of filtered air, maintained at con^ 
stant tehiperature and humidity, several bene- 
fits should result, namely: an increase in the 
rate of production, an improvement in the 
quality of accepted pieces, and a smaller per- 
centage of 'rejects'. 

Pitch Polishing Tool.—A plate similar to 
the plates used for fine grinding is set on ä tri- 
pod, leveled, and the edge rimmed with strips 
of paper or masking tape to form a mold. 
Melted pitch is poured onto the plate (usually 
to a depth of V& inch), after which a small 
gas flame is played over the surface to remove 
any air bubbles that may have risen to the top. 
The qualities of pitch used to make the polish- 
ing tool are discussed MX Chapter 25, Materials. 

After the pitch has copied, the tape is re- 
moved and the edge of the pitch is beveled by 
hand, using a razor blade or a sharp knife. 
Then grooves are carved in the pitch as shown 
in Figure 1106. Many other patterns of groov- 
ing, some of which are shown in Figure 1107, 
may be used, especially for tools that are to be 
used for polishing reticles and prisms. Oper- 
ators have developed other special patterns 
which they find quite effective. 

Figure ll'05.-^-Battery of Machines for Fine Grinding Flatwork. 
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POLISHING TOOLS 
FOR RADIUS WORK 

PCLI-SKIK0J5ÖES 
FOR KA3DIÜS WORK 

JEVMJER'S BRUSH, 

..TMELAflS FOR"'ßltÖOVSJG' fU& POLISHING IOÖBS5 s 

Figure 1106.—Polishing Tools for Flat and Radius Work. 

Figure 1107.^Grooving Patterns for Flat Polishing Tools. 
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Relative Position of Work and Tool. ^~ 
When polishing flatwork, while it is customary 
to place the block below the polishing tool, it 
is not essential to do so, and many operators 
prefer to polish with the work on top. . How- 
ever, should the block and the tool differ in size, 
the smaller is placed oh top. 

Polishing Procedure. — Before the work 
block is placed on a polishing machine, a bat- 
tery of which is shown in Figure 1108, the 
block is washed thoroughly to free it of any 
abrasive. 

Application of Rouge. -.— Rougo and water 
are blended into the consistency of a thin paste; 
A jar of rouge and a container of water are 
placed conveniently near the spindle. A camel's- 
hair brush,, with a %rinch tuft, is moistened 
in the water, dipped into the rouge, and the 
mixture applied to the block. After the rouge 
has been applied, the block will dry gradually 
äs the polishing operation proceeds. The oper- 
ator should observe this 'drying rate' and vary 
the later applications of rouge accordingly. For 
example, if the drying rate is too slow, the 
amount of rouge per application can be re- 
duced; As the block runs dry, as signalled by 
a squeaking noise caused by friction between 
the block and the tool, the action of the polish- 
ing tool cleans the surface of the block, and the 
progress of the drying can be observed by 

,    .      .    ........... ....    BA1. 

watching the portion of the block that is not 
covered by the tool. At this point, the surface 
of the block should be examined carefully. If 
particles of dry rouge are visible, a brushful 
of water is added; if no dry rouge is visible, 
a new application of rouge and water is made. 
By proper control of the rouge and water ap- 
plications the squeaks can be made to occur 
at 2- or 3-minute intervals until the polishing 
operation is completed. 

Some operators prefer to use the rouge 
mixture quite dry, with the result that the 
squeaking noise is evident throughout the pol- 
ishing operation. In following this practice, 
the operator must avoid an excessively dry 
condition as tl is may produce straining and 
create sufficient stress to loosen the elements 
in the block. 

Fitting the. Pitch Polishing TooL-^-To oper^ 
ate properly, the polishing too! must be 'fitted' 
to the block, by making its pitch surface con- 
form äs closely as possible to the surface of the 
block. To permit the pitch to move to a fit, 
the tool is heated slightly either with a bunsen 
burner or warm water,- Next a handle is 
screwed to the tool for convenience, rouge is 
applied, and the tool is inverted and placed on 
the rotating block. The tool then is held by 
the handle, and oscillated over the surface of 
the block.   A quarter revolution of the tool is 

Figure 1108.—Battery of Machines for Polishing Flatwork 
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made every little while between oscillations. 
Fitting is considered to be complete when the 
friction between the tool and the block becomes 
so great that it is difficult to rotate the tool 
with the hand. Machine oscillation is then 
started. 

When the polishing tool is made with a 
'normal pitch' (see Chapter 25), the weight on 
the oscillating arm should be about 15 pounds. 
The same or a heavier weight should be used 
with a harder pitch, and a lighter weight with 
a softer pitch. If the tool oscillates freely 
across the work without rotating, it is not 
polishing. This occurs usually when the tool 
is not fitted properly to the block and hence 
causes very little friction. Another reason for 
the tool ;not 'grabbing' or -rotating}, is that the 
combination of rouge and pitch used is hot 
effective. For instance, some rouges form a 
shiny crust on the surface of the pitch, which 
causes, the tool to slip. Hand pressure on the 
top of the tool, applied intermittently at the 
beginning, is helpful in obtaining a good start 
for the polishing operation. 

There is a gradual flow of the pitch when 
the tool is in use. The purpose of the grooves 
is to maintain the shape of the tool by directing 
the flow of the pitch, and to control the dis- 
tribution of the rouge during the polishing 
process. If the tool is grooved, the pitch flows 
in all directions into the grooves. If the tool 
is not grooved, the pitch will flow toward and 
beyond its outer edge. As the flow is faster at 
the edge than in the center the tool will become 
thinner on the edge} assume a convex shape, 
and produce a concave surface on the work. 

The grooves also serve as reservoirs for the 
rouge, and slowly release it for distribution 
over the surface of the work. The grooves 
must be relieved or re-opened from time to 
time during the polishing operation, as will be 
described later. 

The desired surface is obtained more easily 
by adjusting the machine properly and by 
using a polishing tool that has been grooved 
correctly and made with the proper pitch. If 
the pitch is too soft, it will bevel or polish away 
the edge of the work, cause stains, and fill the 
grooves too quickly. On the other hand, if it 
is too hard,, it may cause light scratches or pro- 
duce a surface which will show irregular bands 
when tested with an optical flat. Normally, 
the time required to fill the grooves should be 
between 15 minutes and 1 hour. 

Adjusting file Oscillating Arm. (a) Normal 
Setting;^—Before polishing starts, the oscillat- 
ing arm is adjusted to its normal setting as 
described for fine grinding earlier in this chap- 
ter and as shown in Figure 1104. 

(b) Corrections. — If the normal adjust- 
ment of the machine does not give satisfactory 
results,, the next step is to 'waffle' the polishing 
tool surface in a pattern designed to correct 
the condition (see Figure 1109). This waffling 
usually will be effective if the amount of cor- 
rection required is not excessive. If further 
correction is needed, regardless of whether the 
tool or the block is the upper member, the 
center of oscillation and the length of stroke 
should be adjusted as shown in Figures 1103 
and 1104. The oscillating-arm stroke for cor- 
recting the concave surface of a lower member 
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(a), To Correct. Convex 
Surface of Block. 

.(b) .To Correct Concave 
Surface of Block. 

•(c)  To Correct Irregular 
Surface of Block. 

Figure 1109.T^-W.äffle Patterns for Correcting Deviations from Flatness 
when Polishing Tool with- %-ihch V-shaped Grooves Is Upper Member, 
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when polishing flatwork is shown in Figure 
111-0. 

Checking the Polishing TooLr^-The polish- 
ing tool is removed about every 30 minutes to 
inspect its surface and the grooves. If neces- 
sary, the grooves are re-cut and the edge of the 
topi is re^beveled to restore it to its original 
diameter. After this the block is washed with 
ä clean sponge dipped into lukewarm water, 
dried with cheesecloth, returned to the machine 
and polishing is resumed. 

Cheeking for Flatness. -?- The block is 
checked for flatness with an optical flat as 
described in Chapter 22> after the surface of 
the block has been washed thoroughly to re- 
move all traces of rouge, and is then dried. 

Polishing rime^-rÄÄssuming that a block is 
approximately 10 inches in diameter, that it 
has been fine ground with #1600 abrasive, and 
that the operator does his work properly, the 
average time required for polishing is, from 3 

to 4 hr-urs. Slightly less time is required for 
flint glass than for crown glass because the 
former is a softer glass. It Should be noted 
that 10-inch blocks of flint-glass reticles have 
been polished successfully, using experimental 
rouges, in less than 2 hours. 

Stains.—^Stains often appear on the glass 
surfaces during polishing.    (See Chapter 24.) 

Inspecting After Polishing.—After a block 
has been polished, it is cleaned carefully and 
is then ready for a final and complete inspec- 
tion. Besides a check for the desired degree of 
flatness, using an optical flat, this inspection 
includes a careful examination, made with a 
five-power magnifier under a. 200-watt clear 
-Mazda' lamp, for all grinding pits, 'gray', 
scratches, and stains. 

The use of an optical flat (Figures 1111 
and 1112); is describe4 in detail in Chapter 22, 
and methods of inspection are described fully 
in Chapter 24. 
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Drawing by Russell W. Porter 

Figure 1110.-^-Pscillatirig-arm Stroke lor Correcting a Concave Surface 
While Polishing Flativork. 
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Figure 1-111.-^-Checking Polished Surfaces. 
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Drawing by Russell W. Porter 

Figure iii2.-^-Cörrpctly-polished Prism Block Showing a Eegular Pattern of 
Interference Bands äs Seen when. Checked with an Optical Flat. 

st-T-v •     . -;jsraäÄ''3S«s3S'SS33S?!§ 



Special Polishing Methods 
Polishing with a Stationary Arm«^A ma- 

chine with a stationary arm, as shown in Fig- 
ure 1113, may be used in polishing either flat 
or spherical surfaces of optical elements, The 
procedure is the same äs when an oscillating 
arm is employed except for the following: 
Rouge and water mixture is applied under 
pressure in a continuous stream. (It should be 
noted that such a system of continuous flow of 
rouge and water can be used with the convene 
tionai- oscillating-arm movement.) More weight 
on the upper member is needed than with an. 
oscillating arm, because of the steady flow of 
rouge. The pressure is adjusted by rolling a 
weight either backward or forward on the sta- 
tionary arm. The spindle speed is somewhat 
greater than in the machine with ah oscillating 
arm. 

" "-OK 

Polishing with a Felt Polishing TooL-^Ä 
pitch-impregnated felt polishing tool, as shown 
in Figure 1114, is in use for polishing some 
classes of work in blocks, up to 10 inches ih 
diameter. It is easier to make and polishes 
more rapidly than the conventional pitch tool,, 
it does not produce äs regular a surface, and it 
has a tendency to bevel the edges of the work. 
It should* therefore, be used only where the 
required quality of the work permits. For ex- 
ample, a felt polishing tool may be used for 
polishing out gray, and then be replaced by a 
pitch polishing tool for the balance of the pol- 
ishing operation. However, the .gain in speed 
On the preliminary operation is at least partly 
offset by the increase ih later polishing time 
required to reduce äiiy beveL that may have 
beeii created. 
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Figure lil3.^Poiishing Machine with No Oscillating Arm. 
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Figure 1114.—Felt Polishing Tools. 

To make a felt polishing tool, a sheet of felt 
is drawn through a mixture of hot pitch slowly 
and allowed to soak until it is impregnated 
thoroughly, after which it is drawn through 
cold water until tha pitch becomes hard and 
stiff. While asphalt combined with other 
pitches is a common mixture, any number of 
other combinations may be used. A softer 
pitch tends to melt easily when it is rotated at 
high speed. 

Disks of the loaded felt of the exact diahv 
eter to fit the polishing plate are stamped or 
cut, out. The plate is heated in a flame, a small 
amount of shellac is applied, and the disk pf 
felt laid on it; Then the plate and disk of felt 
are heated until the pitch begins to bubble, 
when another flat plate is pressed against the 
surface to flatten it. 

Next the tool and a block are placed on the 
machine, rouge is put on the block, and the 
machine is operated for about 10 minutes. This 
sets and forms the disk. 

FINE GRINDING AND POLISHING 
PRISMS 

Variations from the usual procedure, and 
special precautions that are necessary when 
fine grinding and polishing prisms, are dis- 
cussed below. It is assumed that the prisms 
are blocked in plaster.. 

Pitch Polishing ToolWThe diameter of the 
prism pitch polishing tool is approximately 
three quarters of the diameter of the prism 

block.   The pitch mixture is harder than that 
used on tools for polishing other flatwork. 

Avoiding Unnecessary Handling of Block. 
--Since the majority of,prism blocks are heavy, 
ranging from 30 to 70 pounds, some provision 
must be made for avoiding unnecessary han? 
dlihg. This can be done by placing the polish- 
ing tool on top, and using a portable light 
process inspection for flatness and quality of 
surface. This procedure will make it unneces- 
sary to remove the block from the machine 
until an operation has been completed. 

Tolerance of Surface Cqntour.^-Prism sur- 
faces are generally held to closer tolerances 
.than are surfaces of windows, filters, or even 
lenses. Consequently, they are polished at lower 
spindle speeds and must be checked more fre- 
quently. The technique for polishing prisms 
is more difficult than that for polishing reticles; 

The polishing operation should be inter- 
rupted regularly to check the work for flatness 
with an optical flat. If either a high or a 
low surface is indicated* the polishing tool is 
waffled, or re-groöved, accordingly. (See Fig^ 
urell09.) 

Polishing is continued until all pits, gray, 
scratches, and stains are eliminated and a sat- 
isfactory surface has been obtained. 

After completion of the polishing process, 
and before the' block is removed from the mä- 
chine, a piotective coating is applied to the 
finished surfaces. 

Loose Prisms.—For various reasons such 
as faulty plaster, or errors in blocking or pol- 
ishing, prisms may become loosened in the 
plaster block. This will make it difficult, or 
even impossible, to secure satisfactory results1. 
Less weight on the oscillating arm and lower 
speeds are advisable to avoid such loosening* 
especially when pöWlimg very small prfsms., 

Unless ä prism is very loose, it is usually 
impossible to detect any movement until its 
surface has been partially polished. Then the 
trouble becomes apparent as soon as an optical 
flat is placed on; the loose prism, as ä highly 
irregular pattern of interference bands is 
formed. In some cases, a loose pi'ism may be 
detected by placing the optical flat oh two or 
more prisms, leaving ä corner of one of the 
prisms exposed, and applying pressure to the 
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exposed corner^ If there is any movement of 
the prism, the pattern of interference bands 
will change. 

A block containing, a loose prism must be 
broken apart, all the prisms removed, cleaned, 
checked for angles, and repaired if necessary, 
and then repacked. 

Effect of Temperature.^Prisms blocked iii 
plaster often shift in position slightly if al- 
lowed to stand for several hours. Therefore, 
they should be fine ground and polished äs soon 
as possible after blocking. However, if delay 
is necessary, they may be blocked and stored 
for several days before being fine ground and 
polished provided that, when the work is 
started, the interval between fine grinding is 
brief. 

Changes in temperature may deform the 
blocking plate, which in turn will deform 
the plascer; therefore a uniform temperature 
should be maintained throughout both the fine- 
grinding arid polishing process. A block of 
prisms fine ground in one room arid trans- 
ferred to a room of higher temperature for 
polishing, may acquire a concave surface dur- 
ing polishing, or the block itself may be so 
concave that the prisms in the center of the 
block may not be polished at all. 

FINE GRINDING AND POLISHING 
GLASS PLATES 

Glass plates are used for iriany purposes in 
optical instrwrients and, therefore, the care 
that rnust be used in the manufacture of their 
surfaces depends cm the use to which vkey are 
to be put. For example, the degree of paral- 
lelism and the finish of the surfaces of some 
windows is not important. On the other.hand, 

„ reticles.- which are used in the focal planes of 
iristruments,, must have surfaces that are flat 
and parallel to within a few minutes of arc. 
The methods described iri this section are suit- 
able for the rriariufacture of reticles, but less 
particular methods may be used with some 
windows and filters. For elements that require 
the highest degree of precision in processings 
such as riiirrprs, wedges* afid certairi windows, 
the procedures described iri Chapter 16 will 
give results that are more satisfactory. 

Reticle blanks when ready for fine grinding 
and polishing, should have been rough ground 
with FFF abrasive to a reasonably uniform 
thickness of 0.010 inch to 0;015 inch greater 
than the finished dimensions as outlined in 
Chapter 6, and should be mounted as described 
in Chapter 9. 

Grinding Parallel and to Thickness. — 
Abrasive #303 or its equivalent (see Chapter 
25), is used to bring the work to within 0,002 
to 0.003 inch of the required thickness for the 
side being ground, after which the work is 
finished with abrasive #1600 or its equivalent. 

After #303 abrasive has been applied', the 
work is ground by iriachine for approximately 
2 minutes. Then the block is removed, the 
surfaces are cleaned and inspected for quality* 
arid a preliminary check for parallelism is made 
by measuring the 'markers'. If they are found 
to be of Uniform thickness, grinding by ma- 
chine is continued, but should the markers 
show a variation iri thickness* hand grinding 
is necessary. 

To restore parallelism, a handle is threaded 
to the boss on the block, the thinner area of the 
block is held in a stationary position near the 
center of the revolving tool, arid the thicker 
area is manipulated by hand on the outer por- 
tion of the tool. The outer edge of the tool is 
used to reriiove excess stock because the cuttirig 
power is greater in that area due to- the rela- 
tively greater velocity. 

When the correction for parallelism has 
been completed, machine grinding with #303 
abrasive is resumed arid continued until the de- 
sired thickriess for this side has beeri reached. 
The block is checked again for parallelism 
before griftdirig with #1600 abrasive and* if 
necessary, final corrections are made either by 
hand grinding, or both. Next, the Hock is 
fine ground with #1600 abrasive by the same 
method as described above for grinding with 
#303 abrasive. When the block has been 
ground äs required for this side arid is free of 
scratches, pits* arid so forth, it is ready for 
polishing. 

Pitch Pqlishmg räöl.—The diariieter of the 
pitch polishirig tool used in reticle polishing is 
the same as that of the block of reticles.  A soft 
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pitch is used in. order to reduce the possibility 
of scratching. 

Polishing Procedure. —* The procedure for 
polishing is the same as for general flatwork* 
as described previously in. this chapter. 

The reticle blanks are transferred to the 
second side as described in Chapter 9, after the 
first side has been polished satisfactorily. 

The procedures for fine grinding and pol- 
ishing the second side are the same äs for 
processing the first side; 

•Removing arid Gleaning. =— After heating 
the block sufficiently to permit easy removal, 
the paper (see Chapter 9, under "Transferring 
Glass Plates''), with the reticles adhering to -it, 
is slid off the blocking plate and placed either 
in a pan of solvent to soak, or in a rack and 
cleaned in a degreaser with trichlorethylehe. 
Next the reticles are taken off the paper one 
at a time and again either allowed to soak in 

ä clean solvent or placed in a degreaser to re- 
move any remaining adhesive, in cleaning, as 
in all operations; the elements should be haiir 
died with extreme care and äs little as possible 
to reduce rejections due to pits, scratches, or 
other damage. 

Inspecting.-r-After cleaning, the reticles are 
placed in pans in layers separated by tissue 
paper, and are covered with alcohol until ready 
for inspection. Then each reticle is removed 
from the alcohol, dried, and inspected for any 
defects that may not have been visible while 
the reticles were mounted, or for any defects 
that may have been caused by handling. 

Many of the causes for rejected reticles can 
be traced to unclean working conditions^-such 
as dirt, grit* dust, or the like oh benches and 
machines—that either affect the reticles di- 
rectly or enter into the process and thus mar 
the work. 

After inspection*, those found satisfactpry 
äre wrapped carefully for storage. 
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The methods, abrasives, and rouges used for 
fine grinding and polishing lenses are largely 
the same as those used for processing flatwork 
as described in Chapter 11. To avoid repeti- 
tion, therefore, this chapter will discuss chiefly 
only methods and tools which are peculiar to 
radius work. Similarly, it will be assumed that 
the operations of rough grinding and blocking 
lenses, as described in Chapters %, 8, and 10 
will have been completed satisfactorily and that 
the elements are rsady for fine grinding and 
polishing. It is important to realize that pro- 
duction of goodjvork in fine grinding and pol- 
ishing depend^greatly upon the accuracy of _ 
the rough-grinding operations. The machinery 
and tools used in fine grinding and polishing, 
and the processes themselves, are discussed in 
considerable detail because the work is very 
precise and special precautions must be ob- 
served if the results are to be satisfactory. 

The essential difference between plane and 
radius polishing lies in the preparation and 
maintenance of the spherical tools that are 
required for the latter class of elements. For 
this rejäson particular attention is given to the 
tools, and to an explanation of the relations 
which they bear to each other and to the fin- 
ished element. 

Lenses can be mounted and processed either 
singly or in multiple. When the work and the 
grinding tool have been placed on the machine, 
admixture of abrasive and water is applied with 
a brush. The initial grinding is done by hand 
in order to determine where grinding is taking 
place and to reduce the possibility of damaging 
the work should the mounting of the lenses Oh 
the block, or the curvature of the tool,, be incor- 
rect. After ä minute or two of grinding by 
hand, the oscillating arm may be attached and 
mechanical grinding commenced. The center of 
oscillation is determined by adjusting the lateral 
motion of the arm arid the amount of oscilla- 
tion is regulated by means of the eccentric. 

With proper working conditions and if care 
is taken to replace broken-down abrasive with 
fresh applications, the time required to grind 
a block of lenses with ä radius of curvature of 
about 3 inches and a large aperture is approxi- 
mately y-i hour. To inspect the progress of 
the work, the unit is shut off, and the work is 

'.-. " . .-- ~7\    .       ".\",.'"- - '. ."'".'. /IM... 
removed and washed. This washing should be 
done thoroughly to remove all abrasive, using 
a sponge, brush, or other cleaning aid. Next 
the surfaces of the lenses on the block are 
examined with a magnifying glass under a 
shaded light for completeness of grinding, and 
for pits, scratches, gray, and other defects. 
When the block is ready for polishing, the pol- 
ishing tool must be made—unless it is already 
available. Next, the elements and the polish- 
ing tool are mounted on the polishing machine, 
rouge is applied, and the polishing started. 
From time to time during this operation, the 
grooves of the tool are re=ciit, the tool is 
waffled, if necessary, and the progress of the 
work is observed by examining the element 
with a test glass and a magnifier. 

MACHINERY AND TOOLS USED 

Machines 

The machines used for fine grinding and 
polishing, and their principles of operation, are 
the same as thpse used in processing flatwork. 
(See Chapter 11.) Both fine grinding and pol- 
ishing may be done on the same machine, al- 
though possibly operating with different speeds 
and adj Ustments. In fact, some manufacturers, 
especially in the case of small lenses blocked 
singly or in small multiple lens blocks, grind 
and polish on adjacent spindles on the same 
machine. However, the practice is not general, 
because of the danger that abrasives may conr 
taminate the polishing material. The ratio of 
the number of grinding to polishing spindles 
depends on the relative length of time required 
for the grinding and .polishing cycle. 

Usually several operating units are. mounted 
on a bench-like support similar to those shown 
in Figure 1201. This figure fflustrates four-r 
unit, or, äs they are called, •four-'spinäle' ma- 
chines so, mounted. In the four-unit machine, 
a single 'unit' consists of the motor-driven 
vertical .spindle near the front of the bench, 
together with an auxiliary spindle in the rear 
and the system of eccentrics, levers,, and shafts 
that control and guide the block, grinding tool 
or polishing tool, whichever is concave. Another 
machine, which has eight units or 'spindles' on 
one bench, is shown in Figure 1202, and a 
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Figure 1201.—Four-spindle Machines for Fine Grinding, and polishing Single Lens 
Blanks or Medium Size Blocks of Lens Blanks. 

Figure 1202.--Eight-spindle Machine for Fine Grinding and Polishing Lens Blanks 
. Singly or in Small Blocks; 
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Figure 1203.—rwa-spindle machines for Fine Grinding and Polishing 
Large Blocks öf Lens Blanksi 

Eastman tipdak Company 

Figure 1204.—Triple-row Polishing Machine with 264 Spindies. 
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heavier one with but two 'spindles' is illus^ 
trated m Figure 1203, but all operate on the 
principles already described in Chapter 11. 
Machines of somewhat different design, used 
by Eastman Kodak Company, are shown in 
Figures 1204, 1205, 120&, and 1207. 

Fine^grinding Tools 

Convex Work. ~ Convex lens blanks are 
ground with a concave grinding tool, the radius 
of which is slightly less than the radius of 
curvature of the work, because fine grinding 
is done from the outside of the block toward 
the center. The principal reason for grinding 
from the edge inward» is that the upper, or 
floating,* member starts rotating immediately. 
If grinding is started from the center outward, 
the initial bearing surface of the upper member 
is so smalt as compared to the area of its whole 

%/ 

surface and so close to its own center that 
while the upper member will oscillate it cannot 
rotate. 

In all fine grinding and polishing, the inside 
diameter, or aperture, of the top member should 
be smaller than that of the lower member. 
In other words, when the upper member is 
placed on the lower member with both axes in 
coincidence, the upper member should not com- 
pletely cover the lower member, but should ex- 
pose a certain amount of surface of the lower 
member» For example, in fine grinding convex 
work blocks of approximately 3-inch radius of 
curvature and almost hemispherical shape, the 
grinding tool is designed so that when, super- 
imposed on the work with both members in a 
vertical position its edge will be about y± inch 
above the bottom edge of the bottom blanks. 
The difference in diameter is increased for an 

Eastman Kodak Company 
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Figure 1205.r^-i)oüble^ro'w Polishing Machines with 128 Spindles; 
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Eastrhßn Kodak Company 

Figure 1206.:—Polishing Machine with 30 Angular Adjustable Spindles. 

increase in the radius of curvature and aper- 
ture, and is reduced for a decrease in the radius 
of curvature and aperture. The difference in 
diameter Of the members is necessary to pro- 
duce the desired curvature. The oscillation of 
the upper member moves its central portion 
away from the sloweivrhoying central portion 
of the lower member and toward the faster- 
moving and faster-cutting outer areas. If both 
merate-ared' the same diameter, the cutting 
action at the end of the stroke is excessive and 
thus causes excessive wear at the center of the 
upper membei. K allowed tö continue, control 
of curvature will become more and more diffi- 
cult as the radius of both members will become 
ever shorter, 

Figure 1208 shows diägrämmatically why 
it is desirable to have a longer radius in a work 
block supporting convex lenses than in the tool 
with which the fine grinding is done. 

When making or reshaping any tool; the 
radius of curvature of the surface should be 
uniform. When the radius of a concave tool is 
greater near its edge, the effective surface of 
the tool will be reduced. The desired difference 
between the edge of the tool and the bottom 
edge of the bottom blank may still exist, but 
the difference between the edge of the effective 
tool surface and the edge of the work block 
will be excessive,, and: control of curvature will: 
be most difficult. 

Concave Work.^—Grinding of concave lens 
blanks is done with a convex grinding took 
The radius of curvature of the gi ihding tool is 
longer than that of the work on the block, so 
that the grinding will be done from the edge of 
the block of work toward its center. As with 
convex work the aperture of the upper mem-e 
ber, in this, case the work, should be less than 
that of the lower. 
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Eastman Kodak Company 

Figure 1207.—Oscilläting-arm Polishing Machine with 20 Spindles. 
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•TOOL 

LENS BLOCK 

(a)    Original Lens Block Low to the Tool 
Radius of originaHeiis block (Ri) is longer than radius 
of tool   (R2)   or radius of finished lens block   (R3). 
Therefore, most of, fine grinding is done at oilier edge 
of block whgre action is quickest and control is easiest. 

(b.) Original Lens Block High to the Tool 
Radius of original lens block (Ri) is shorter than ra- 
dius of tool (R2) or radius of finished lens block (R3); 
Therefore, niost of fine, grinding is done at center of 
block where action is slowest and control is most 
difficult. 

Figure 1208.^-rPiagraih Showing Why Radius of Convex Lens Block Should be Longer than Radius of Tool. 
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Forming or reshaping- a convex grinding 
tool requires care in order that its diameter is 
not shortened excessively. While such a tool 
can be corrected so that it will have a uniform 
radius of curvature, thereafter it always will 
be too small, the difference between the edges 
of the block and the tool will be reduced, and 
the block will be hard to control. 

Polishing Tools 

Methods of making polishing tools and the 
relationships between polishing tools and grind- 
ing tools are discussed later in this chapter. 
Whether they be convex or concave, polishing 
tools should have the radius of cui-vature of 
the finished element; 

Convex Work.—A cpncave polishing tool is 
used for polishing convex lens blanks; The tool 
is made ön a polishing shell having a radius of 
curvature approximately %6-irich longer than 
the final radius. This allowance permits an 
even distribution of pitch over the entire sur- 
face of the tool, äs shown in Figure 1209. 

Concave Work,—A convex tool is used for 
polishing concave surfaces, arid is made on a 
polishing shell which has a radius of curvature 
approximately %6-inch less than the final ra- 
dius. This provides for a uniform layer of 
pitch of suitable thickness, as in the case of the 
concave polishing tool. 

Relative Position of Work and Tool 

Convex Work. — When fine grinding and 
polishing convex work, the conventional meth- 
od is to place the tool on top of the work block 
as shown in Figure 1210. 

Concave Worfc.—When fine grinding and 
polishing concave work, the work block nor- 
mally is placed on top of the grinding tool. 
However, for the polishing operation, a heavy 
concave block can be the bottom member, pro- 
vided the work has a long radius of curvature. 
This is desirable, as it prevents deformation of 
the pitch on the polishing tool which might be 
caused by the weight of the block if it were 
on top. 

Short-radius V/ork.-^Ccm.vex work of short 
radius and large angular aperturei such,as eye^ 
lens blanks, can be ground singly with the tool 
underneath. In this case, the lens blank is 
mounted on a riietal stock or wooden stick 
Which places the pin of the oscillating arm at 
a comparatively great distance from the center. 
Soriie operators claim that this enables then! 
better to control the curvature of the work 
and requires a minimum of tool correction arid 
machine regulation. It is not recommended, 
however, for a leris blank whose angular aper- 
ture is sriiall in cpriiparisori with that of the 
tool. 

POLISHING 
SHELL- 

POLISHiNG 
rPiTCfl- 

POLISHING 
SHELL 

(a) Correct 
Uniform Layer of Polishing Pitch 

(Concentric Radii) 

(b) Incorrect 
Non-uniform Layer of Polishing Pitch 

(Same Radii) 

Figure 1209.--Radius of Polishing Shell for Making a Polishing Tool' 
of the Required Curvature. 
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(a)  For Long Radii (b)  For Short Radii 

Figure 12 Hh—Setups for Fine Grinding or Polishing Convex Lens Blanks. 
-* •**. 

V     * 
FINE-GRMDING OPERATIONS 

Convex Work 

Mounting the Lens Block. WThe block of 
lens blanks is placed on the machine spindle 
and #1600 abrasive is applied to the grinding 
tool. The tool is worked by hand back and 
forth over the blanks for 1 ör 2 minutes, and 
then the pin of the oscillating arm is lowered 
into place on the spivey at the back of the tool. 

Adjusting the Oscillating Arm.—rAfter the 
blqck of blanks is mounted, the stroke, pin 
angle, and grinding sweep of the oscillating 
arm are adjusted. In radius grinding and pplr 
ishingj the, arm stroke is set at one-quarter of 
the diameter of the tool. The pin is set ät äii 
angle which depends on the radius of curvature 
of the block. The shorter the radius, the more 
the pin is canted to the left as shown in Fig- 
ure 1210. 

A 'bent pin' is used as a pivot for short 
radius work, whether it be convex or concave, 
in order to obtain the correct stroke .{Figure 

Grinding Procedure.—The block is ground 
with. #1600 abrasive until all pits from pre-. 

vious grinding are removed from the surface. 
The time required to grind a block of lenses 
depends on both the radius and the diameter 
of the block., 

The same general rules for grinding apply 
to both lens blanks and flatwork. Adjustment 
of speeds, center of oscillation, and stroke for 
correction of curvature is similar to the pro- 
cedure followed with flatwork. If lens blanks 
which were rough ground individually are not 
being fine ground properly by the #1600 abra- 
sive, the trouble may be due to faulty rough 
grinding. This trouble seldom occurs when the 
lenses are rough ground on blocks,, since the 
blocking .assures that the surfaces sf all ef the 
blanks are ground to the same sphere. Defec- 
tive fine grinding may be caused by grit, on the 
blanks, or dirt between them,and the blocking 
shell, due to inefficient/cleaning before blocking. 
If ä defective condition prevails over the entire 
block, the blanks should be removed, cleaned, 
re-blocked and re-ground. If only a small per^ 
eentage are bad, it is advisable to complete the 
grinding operation and re-process the defective 
blanks, later. 
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Figure 1211.^-Bent Pin Used in Fine Grinding t,nd 
Polishing Machines on Short-radius Work. 

Concave Work 

Except for a few differences, the principles 
of fine grinding concave blanks are the same 
as those used on convex work. Usually the 
concave work block is mounted above the tool. 
When this is done, corrections are made by 
_i—: J-U_  „—i.— „4? ;ii„4.:x«  •:„  „   ,3;-..„„J-,',-.„ 
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opposite to that used to produce the same cor- 
rection on a convex blank. For example, when 
the center of oscillation is near the axis of rotar 
tion of a block of convex blanks, the result is a 
low surface (longer radius of curvature than 
the tool), while with the same setting and with 
a block öf concave blanks on top, a high sur- 
face is produced (i.e., the radius is shortened).. 
Greater carp usually must be exercised i^ 
grinding concave lens blanks, since the major- 
ity of concave blanks are made from flint glass. 

.   1211 

This glass is softer and scratches more readily 
than the crown glass normally used for convex 
blanks. 

POLISHING OPERATIONS 

When the fine-grinding operation, has been 
completed, the blanks are ready for polishing. 

In adjusting the polishing machine, it must 
be remembered that several factors, such as 
the combination of weights, the consistency of 
the polishing pitch, and the speed of the spindle 
are closely related and are dependent on each 
other to a large extent, Hence, ä change in 
any one may well require that one or more of 
the others must be changed also. 

Preparing Pitch Mixttire.^A standard for?- 
mula for making the pitch mixture used iir the 
polishing tool is to melt together three parts of 
soft and two parts of hard pitch. The compo- 
sition is modified when necessary by adding 
small quantities of either type pitch. The need 
for such modification, may be due to tempera- 
ture or humidity, or to the diameter of radius 
of curvature pf the blanks of block. Beeswax 
may be added to produce a, softer pitch, and 
rosin is. added when a harder mixture is de- 
sired. A softer mixture is used in making a 
polishing tool for'flint glass than in a tool to 
be used for crown glass. 

Pitch Polishing Tool 

Convex Work.—A concave polishing shell is 
heated with a bunsen burner to evaporate the 
moisture on the surface of the metal, and. then 
is filled tö the brim with hot polishing pitch. 
After the pitch has set until the edge appears 
to rharden, the excess pitch is peivred back into 
•uw6 pot, jfcafKing care- to rotate tue- snen' w-mie 
this is being done. A layer of pitch approxi- 
mately %c-inch thick is left in the shell. 

The pitch .adhering tö the shell is; patted 
roughly into shape with wet fingers. Then the 
shell is lowered gently onto the block,, which 
has been previously mounted on the spindle.» 
moistened with a rouge and water mixture, 
raised, turned, and lowered .again in a differ-^ 
ent position. This procedure is repeated until 
the tool has been shaped so that it can be ro- 
tated around the entire block surface. 

:m 
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Next, the machine is started, and the tool 
held in contact with the spinning block, in 
order to complete the shaping and smooth the 
pitch surface. However, no appreciable weight 
is placed on the tool, since too much pressure 
would force pitch out of the shell. 

Then the machine is stopped, the tool re- 
moved, and, with a sharp knife, the edge of the 
tool is trimmed and a, %-inch V-groove cut 
through its center, as shown in Figure 1215. 
This groove must be kept open at all times 
during the polishing operation. 

Concave Work.—A handle is screwed into 
a convex polishing shell, as shown in Figure 
1106, and then the tool is dipped into the hot 
polishing pitch mixture, removed, and twirled 
to obtain even distribution of the pitch adher- 
ing to it. After this layer of pitch has cooled, 
the dipping arid twirling is repeated until a 
layer of pitch approximately %6-inch thick is 
formed. 

Next, as, in preparing the concave polishing 
tool, it is patted with the wet fingers, moistened 
with rouge and water, and mounted on a spin- 
dle. Now the block, also moistened with rouge 
and water, is pressed into the soft tool, raised, 
turned; and pressed again until the tool is 
shaped so that it can be rotated around the 
entire radius of the block surface. 

After this, the machine is started and the 
foiöi?k is worked manually over the rotating tool 
until the pitch is shaped perfectly. 

then the pin of the oscillating arm is put 
into position on the block, and the machine is 
operated to complete the preparation of the 
polishing tool. This operation requires approx- 
imately 5 minutes. 

When the tool has been completed, the edge 
is beveled to -remove any excess pitch .and .to 
restore the effective diameter. A small hole is 
countersunk in the center of the pitch surface 
as a means of partial escape for pitch which 
otherwise would build a shoulder in that area 
when the tool is in use. Using a sharp knife, 
agroove approximately i/g-mch deep is cut into 
the surface about four-fifths of the distance 
from the edge to the center of the tool, as 
shown iii Figure 1106. Additional grooves may 
be necessary on tools 3 inches or greater in 
diameter. 

There are other methods of preparing poh 
ishing topis, only two of which are described 
here since they are all very similar. 

The polishing pitch is heated iii ä pan ufitil 
it is tacky. The heated pitch is collected on 
the end of a stick and spread roughly over the 
surface of the shell, which has been warmed 
previously, until about one-half of the central 
area is covered with a sizable layer* 

Next the fine grinding tool is cleaned, cooled, 
and pressed against the pitch to spread it over 
the entire surface. It may be necessary to wet 
the tool with water or rouge to prevent sticking. 

The uniformity of the layer is checked by 
rotating the polishing tool on a spindle* and 
observing the image of a light as reflected by 
the moistened surface of the tool. If the re-? 
flection is unsteady, the pitch must be shifted 
with a grinding tool until the uneven condition 
is corrected. After this has been done the poL- 
ishing tool is ready for waffling? 

Four metal balls or cubes of uniform size 
may be mounted on the shell as a mechanical 
aid in producing ä uniform layer of pitch. The 
fine-grinding tool is pressed against the polish- 
ing pitch until it touches all four metal pieces. 

Polishing tools can be made with a combi- 
nation of pitch and different cloth materials, 
and one of this type, the felt polishing lap* will 
be described later in this chapter. 

Polishing Procedure.—The various steps in 
the polishing procedure for lens blanks will not 
be detailed here* since they are similar to those 
described for flatwork in Chapter 11. 

It should be noted that when tested with a 
test glass, the curvature of the surface of a lens 
may vary within a range of interference rings, 
the specific tolerance depending on the purpose 
for which, the Ions, is to be used.   

The most common difficulties that are en^ 
countered in polishing lens blanks, and the 
remedies for these difficulties, are shown iii Fig- 
ure 1212—."Trouble-shooting Table for Radius 
Polishing.'*       : 

As in fine grinding, when the center of os- 
cillation of the pin is near the center of rota- 
tion of the spindle it produces a low surface 
(greater radius of curvature than the tool) on 
convex work, and a high surface (less radius 
of curvature than the tool) on concave work. 

S§h#U-"-*- -/-  - 
;.^n-.-«a-^iä 



3213 

TROUBLE-SHOOTING TABLE FOR RAÖIUS POLISHING 

I 

DEFEGT POSSIBLE CAUSE CHECK CORRECTION 

1.   HIGH SURFACE 
OF CONVEX 
BLANK 

Polishing tool too 
large 

Comparesize of 
tool with work 

Cut tool to proper size.   Also cut a straight 
groove ih the pitch through the center. 

(Radius of 
curvature is 
top short) 

Improper machine 
setup (Spindle 
speed, or speed 
andlengthof 
oscillation not in 
proper relation 
to each other) 

Machine setup Set machine to the normal position* 
Increase oscillating speed and decrease 
spindle speed. 

Pitch on<polishing 
tool is.too hard or 
too soft 

Grooves and pitch 
mixture 

Make another polishing tool, using a new 
pitch mixture, after adding hardening or 
softening agent, i.e., enough to meet the 
varying conditions. 

Pitch layer of 
polishing tool 
wearing thin at 
edge 

Radiusof 
polishing shell 

Obtain a. new polishing tool whose polish- 
ing sheli is of the correct radius. 

2.    LOW SURFACE 
"OF CONVEX 

BLANK 

Polishing tool-top 
small 

Compare size of 
polishing tool 
with work 

Use larger polishing tool. 

(Radius of 
curvature is 
too long-). 

Improper machine 
setup. (Spindle 
speed, or speed 
and length-of 
oscillatipnnot ih 
proper relation 
to each other) 

-Machine setup Set machine to the normal position. Also 
cut short surface grooves % of the dis- 
tance from the center .to the edge of the 
concave polishing topi on each side of 
the straight groove passing, through the 
center, decrease oscillating speed, and 
increase spindle speed. 

Grooves in polish- 
ing tool filling, 
too; rapidly 

Grooves and4 pitch    ; 
mixture 

Make another polishing tool, using a new 
pitch mixture after adding hardening 
agent, i.e., enough to. meet the varying 
conditions. 

Pitch layer weaiv 
ing thin at center 

Radiusöf 
,    polishing shell 

Obtain a new polishing tool whose polish- 
ing shell is of the correct radius. 

3.    HIGH SURFACE 
OF CONCAVE 
BLANK 

Polishing tool too 
small 

'Compare size of 
polishing tool 
with work 

Cut tool to propei size. Also cut a cir- 
cular groove iri the pitch in a plane lying 
%, of the distance from the center to the 
edge of the tool. 

(Radius of 
curvature is 

.   too short)' 

Improper machine 
setup (Spindle 
speed,, or speed 
andlengthof 
oscillation not in 
proper relatipn 
^o^oagiv.ftthörA' 

Mächine setup Set machine to the normal position. Also 
cut a circular groove % of the distance 
from the-center to the edge.of the convex 
polishing fool, increase oscillating speed, 
and decrease spindle speed. 

Grooves in. polish- 
ing tool filling 
too rapidly 

Grooves and pitch 
mixture 

Make another polishing tool1, using a new 
pitch mixture,  after adding, hardening 
agent, i.e., enough to meet the varying 
conditipns; 

, Pitch layer wear-? 
i'iig thin at center 

Radius of 
polishing shell 

Obtain a new polishing tool1 whose polish- 
ing shell is of the correct radius. 

^a* Figure 1212. 

-,j.-J-Y.-ess&ä>'— ZZ'^tr ^H--^  ">^^'' 
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TROUBLE-SHOOTING TABLE FOR RADIUS POLiSHENGMContd) 

DEFECT POSSIBLE CAUSE 

LOW SURFACE 
OF CONCAVE 
BLANK 
(Radius of 
curvature is 
too long) 

5.   HUMP 

6.   HOLE 

7. ELLIPTICAL 
COLOR" 

Polishing tool too 
large 

Improper machine 
setup (Spindle 
speed, or speed 
and length" of 
oscillations not in 
proper relation 
to each other.) 

CHECK 

Compare size of 
tool with work 

Pitch on polishing 
tool is too hard 
or too soft 

Pitch layer of 
polishing tool 
wearing thin at 
edge 

Improper machine 
setup 

Improper size 
polishing tool 

Machine setup 

Grooves and pitch 
mixture 

Radius of 
polishing shell 

Machine setup 

Diameter of 
polishing tool 
and its shell 

CORTXECTION 

Cut tool to proper size, Also cut a cir-r 
cular groove XA of the distance from the 
edge to the center of the polishing tool. 

Set machine to the normal position. 
Decrease oscillating speed and increase 
spindle speed'. 

Make another polishing took using ä new 
pitch mixture, after adding hardening 
agent, i.e., enough to meet the varying 
conditions. 

Obtain a new ;polistorrg~tooi whgse polish- 
ing shell is of the correct Tadius. 

Set machine to the normal position, plus 
a groove XA of the distance from the edge 
to the center of the polishing tool. 

Edge of concave 
tooltoothin 

Center of convex 
tool'too thin 

Pitch is too hard 
or too soft 

Oscillation too 
slow 

Radius of 
polishingvshell 

Pitch mixture 

Machine speeds 

Tfirfi edge of pitch tool, or select a pol- 
ishing shell of suitable diameter. For 
correct size^ the oscillating, member is 
slightly smaller (W OD) than the spin- 
dle member, and the tool should have .a 
uniform pitch layer. 

Select  a  polishing   shell  of  the -proper 
radius. 

Make new polishing tool, using, a pitch 
mixture that, will meet the condition de- 
sired. 

Decrease spindle speed in relation to oscil- 
lation speed. 

Same as first three items under "5. Hümp" above. 

Pitch too hard 

8.    BEVELED EDGE, 
(Color) 

Not enough center 
grooves 

Oscillation too 
fast 

Improper machine 
setup 

Improper grooving 
of tool 

Polishing pitch too 
hard or'too soft 

Improper machine, 
setup 

Pitch too hard or 
too soft 

Pitch'mixture 

Grooves 

Machine speeds 

Machine setup 

Grooves 

Pitch mixture 

Make pitch softer. 

Cut,grooves in pitch near center of tool. 

Reduce   oscillation   speed  in   relation  tö 
-spindle speed. 

Set machine to the normal position..   Also 
cut a circular groove in the pitch %, of 

of the (convex) tool. 

Re-groove t.jol to normal 

Make new polishing tool after adjusting 
pitch mixture to. hieet the condition. 
Waffle the tool. 

Machine setup 

Hardness.of 
-pitch mixture 

Set machine to the normal position. Also 
cut ä circular groove J4 of the distance 
from the edge of the polishing tool; 

Figure 1212—(Contd). 

•.'J:_- 

Apply   new   layer   of   pitch   having   the 
proper hardness.  ,. 
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TROUBLE-SHOOTING TABLE FOR RADIUS POLISHING—(Contd) •4sl 

i 

9- 

DEFECT POSSIBLE CAUSE CHECK CORRECTION 

8.    BEVELED EDGE 
(Color) 

Polishing tool too 
large 

Diameter of 
polishing tool 

Select a polishing tool of smaller diameter 
or trim edge of polishing tool. 

Improper grooving Grooves Re-groove polishing tool. 

9.    ZONES 
(Usually noticed, 
in hand^polishing 
of single 

Improper oscilla- 
tion: of work 

Oscillation Adjust  for   normal   setup   and  machine 
speeds. 

Improper grooving Grooves Re-groove for normal setup. 
elements) Improper radius of 

pdlishing.shell 
Radius of 
polishing shell 
with a gage 

Obtain a polishing tool whose polishing 
shell has the correct radius of curvature. 

10,    SCRATCH Improper machine' 
setup 

Machine setup Set machine to the normal position. 

Pitch too hard Pitch mixture Make a new tool to meet the cpndition. 

For eign= matter in, 
material or on 
equipment 

Cleanliness of 
materials, 
machines, or 
implements used 

Wash and strain the abrasive. Replace 
rouge supply. Heat the polishing pitch 
and strain. Make ä new tool. Keep all 
equipment clean at ajl times. 

Polishing too wet Rouge water mixT 
ture and number 
of applications 

Use less water in mixture and make fewer 
applications. 

Polishing too dry Rouge water mix- 
ture and number 
of applications 

Use more water in mixture and apply 
more frequently. 

Scoring too deeply 
(Grooves should 
hot penetrate 
through pitch to 
metal of polishing 
tool) 

Number and^depth 
of grooves 

Reshape polishing tool. 

Poor bevel 
(Coarse emery). 

Check bevel for 
grain 

ReTbevel with finer abrasive (FFF). 

No bevel Inspect blanks 
for bevel 

Bevel blanks 

, Chips on edges 
(Occur during 
blocking)) 

Inspect blanks 
before grinding 

Wash block before grinding, i.e., remove 
glass fragments. 

Touching blanks 
with metal part 
of rouge brush 

Use of rouge 
bi'ush 

Apply rouge carefully with tip of the 
brush. 

Careless handling 
of blanks 

Method.öf 
handling blanks 

Handle blanks as little as possible, touch- 
ing them only on the edges. 

- - -          .                  -    „      .   . _.          „    . •xinpx'öpr6I:~uiOCxviIlg' - .T»I i _j ^i_~:_.«_ . «uia.iino-i/yui.iLii.ig' 
each other 

, Use of test glass •Clearilinessof Both 
test glass and 

;K1 ahk .V»oi T*o*-t oof oA 

before contact 

Both the blank and the test glass should 
be cleaned and dusted carefully with a 
camelr'srhair  brush  before  testing.     Do 
not press test glass for color nor siide 
for contact. 

, Pitch layer too-thin Depth of pitch 
on tool 

.    Make a new .tools 

Polishing tool not 
makingicomplete 
contact with work 

Surface of 
polishing tool 

Heat and reshape the tool. 

J         .           

Figure 1212-r-(Contd). 
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TROUBLE-SfiOOTING TABLE FOR RADIUS POLISHING--{Contd) 

s-; 

DEFEGT' POSSIBLE CAUSE CHECK CORRECTION 

11.   STAINS Improper cleaning Cleaning technique Place clean paper at bottom of finished 
lens container. 

Keep lenses completely covered with al- 
cohol. 

Keep lid over container to prevent evapo- 
ration. 

Dry lenses immediately after removing 
from solvent; 

Too much rouge 
used 

Rouge and water 
mixture 

Add more water to mixture. 
Check pH of rouge. 

Polishing too dry Number of 
applications 

Increase applications. 

Pitch too soft Pitch mixture Make pitch harder. 

Polishing tool not 
making complete 
contact with the 
work 

Contact of tool 
with work by 
placing left hand 
on oscillating 
member and 

.  noting resistance 

. Heat and reshape polishing tool.   As an 
added correction, waffle the polishing tool 
and continue polishing with normal ma- 
chine -setup. 

Improper protec- 
tive coating of 
polished surfaces 

Coating Surface to be coated must be absolutely 
clean and dry.   Brush used to apply coat 
should be clean.   Do not mix rouge or 
water with lacquer. 

12.   INCOMPEETE 
POLISH 
(A surface that 
cannotbe 

.   polished clean 
during normal 
polishing period) 

Improper machine 
setup 

Machine setup . Set machine to the normal position. 

Improper blocking 
(1)' Diftön lenses 
(2)  Lenses not 
cooled sufficiently 

(3.) Water too cold 
(4)  Position of 
blanks 

(5), Shifting of 
blanks 

(1) Cleanliness 
of blanks 

(2) Temperature 
of blanks 

(3) Temperature 
of water 

("4)  Position of 
blanks in 
blocking.shell 

.   (5) Heat of 
blocking shell 

Remove Blanks. 
(1) Clean carefully and re-block them. 
(2) Allow longer period for cooling after 
blocking; 

(3) Raise the temperature of the water. 
(4) Space blanks in a symmetrical fash- 
ion. 

(5) Do not heat blocking shell so that the 
pitch buttons melt completely. 

Impropergrinding Mixture of abra- 
siveand water 

Inspect for gray 
on trailing-edge 
of lenses 

Adjust   abrasive   mixture;     Change-  the 
normal  position  of  the  oscillating  arm 
to fall on the right side of the spindle 
instead' of the left side, or reverse spin- 
dle1 direction. 

Blanks not blocked 
to proper radius 

.' Radiusof 
löeating.shell 

.   Select a locating shell with the proper 
radius; 

LTLt. 

1 

Note: This system of polishing requires the use of a noi-nal machine setup at all times. The slight variations 
that may occur are left to the more' experienced men. This system usually controls the color to within 3 of >4 
rings   (Newtonian bands;).   All reference to the correction of the grinding tool has been omitted.   This table is 
Ü&ÖCU. *U11   LUG   aDÖUxiljjuIOll- 'uiicvi/ "wie -'gröUiiu jöürxövc  iö  Cyi-rcviui 

The normal setup takes into account the following factors: (1) the correct position of the oscillating arm, 
(2) relative speed of spindle and oscillating arms, .(3) weight on arm, (.4) angle and height of pin, and (5>)< 
groove in ;polishing tool, 
(1) The oscillating arm is adjusted to traverse ä distance of % the overall diameter'of the tool .on the spindle. 

The lateral setup' of the- oscillating arm is in line with the center of the spindle! 
(2) Ratio is usually 3t6 1. -   . 
(3) Sufficient weight to allow proper mixture of pitch to fill in the grooves in 45 minutes of polishing 3-inch 

to 4-inch blocks; however, smaller blocks vary from 20 to 30 minutes. 
(4) The angle the pin subtends increases äs the radius of curvature .becomes sharper. 

Height of pin: the pin is positioned as close to the spindle as working-conditions permit. 
(5) The groove in the polishing tool surface is approximately one-third the distance from the center of the tool 

to the edge of ä convex polishing tool; for a cöiicäve polishing tool, a single groove is placed straight 
through Ihe center; .... 

Figure i212-^(Cöntd), 

ft 

: 

-/-- 
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Therefore, to produce a low surface on concave 
work, the center of oscillation usually is moved 
away from the axis of rotation so that the pok 
ishing action is done with the outer edge of the 
tool. 

The block should be inspected for curvature 
after a short period of polishing. If the surface 
is incorrect, adjustments are made as indi- 
cated in Figure 1212. It is necessary to check 
only one lens blank of a block for curvature, 
and should it be found to be incorrect, the 
pitch or metal surface adjacent to this blank is 
marked with crayoii. After further polishing, 
the same blank is tested again. In this way 
only one blank is Used each time for checking. 
The advantage of this method of checking is 
that the scratches caused by checking are con- 
fined to the surface of one blank rather than 
distributed over seyeraL 

Correcting the Surf aces..-^The methods used 
for correcting a lefts blank surface are similar 
to those used for flatWork, as described in 
Chapter 11, and as outlined in Figure 1212, 
"Trouble-shooting fable for Radius Work." 

It is more effective to correct a bibck of 
lenses that is running high pr low by changing 

PIN ANGLE 

the position of the oscillating arm than by al- 
tering the speeds. The arm should be moved 
in small steps and at intervals* taking care to 
stop the polishing machine when making the 
adjustment (see Figures 1213 and 1214), 

Blanks whose surfaces are excessively high 
or low are removed from theblöck* re-processed, 
and then re-blocked for further fine grinding 
and polishing.. However, the grinding tool 
should be checked and corrected before it is 
re-used. When it has been corrected, the de- 
sired curvature is obtained by re-setting the 
arm, grooving the polishing tool, or changing 
the spindle speeds. 

Figure 1215 and the tables in Figure 1216 
will be useful when it is necessary to, correct a 
high or low surface of convex or concave cur- 
vature, provided the tool is reasonably close to 
the correct curvature. 

-Figure 1213.r=-Stroke of Oscillating,Arin for Correcting 
While Fine-grinding or Polishing. 'Low' Concave 

Lens Blanks. 

Figure 1214.^-Stroke of Oscillating Arm for Correcting 
While Fine-grinding or Polishing 'High' Concave 

Lens Blanks. 

-ys?r —jet*•**- v*rztm*ma-&r&r 
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ROOVE GROOVE 

(a) For Low Convex Lens Blanks (b) For High Convex Lens Blanks 

Figure 12t5.=^-Locatign of Waffling (on Concave Polishing Tools') for 
  Correcting Convex Lens Curvatures. 

TABLE OF METHODS FOR CORRECTING HIGH AND LOW 
LENS SURFACES 

LENS 
BLANK 

CONDITION 
OF LENS 
SURFACE 

MOVE CENTER 
OF STROKE 

WAFFLE POLISHING 
TOOL 

SPEED OF 
Oscillating 

Arm 
—or 

Spindle 

Convex High Toward center At outer edges, äs in 
Figure 1215 (b) 

' Increase—Decrease 

Low Toward edges Near center, as in 
Figure 1215 (a) 

Decrease-T-rlncrease 

Concave High Toward center, until cen- 
,   ter of stroke and center 

of spindle coincide, ,as in 
Figure 1214' 

Near center Decreases-Increase 

Low Toward edges, until lens 
block overlaps edge of, 
tool, as in Figure 1213 

At outer edges' Ihcrease-^Decrease 

Figure' 1216. 

Fielt Polishing Tool 

A polishing tool shown in Figure 1114 may- 
be used for spherical polishing, But it has the 
same limitations as when it is used for flat- 
work. These limitations and the method of 
making such ä tool are described in detail in 
Chapter 11 aid wäl fiotlje repeated here. For 
radius work, the flat pressing tool is replaced 
by a pressing tool of the proper radius when 
forming the surface of the felt polishing, tool.; 
It is almost universal practice tö use. a lens sur- 
face for this purpose when preparing a tool for 
single lenses. When a lens is so used for form- 
ing, it is mounted on a holder with wax, and 
pressed by hand against the felt in order to 
shape the felt disk and make it adhere firmly 
•to the face of the polishing too. 

At Frankford Arsenal, a felt tool mounted 
on a lathe is used for repairing small eye and 
field lenses. 

SHORT-RADIUS WORK 

Tö avoid confusion, short-radiUs work will 
he „discussed in terms of the 'angle, of aperture'. 

The angle of aperture is the angle formed 
between two radii of the same surface curva- 
ture drawn to the extremities of a diameter of 
the ^work. 

Only one lens blank having an angle of 
aperture of 1209 or more can be mounted on a 
single block* and this class of blanks will be 
considered to make up shorkradius work. It 
should be noted that this rule applies regard- 
less of the length of the radius of surface 
curvature. 

.. - 3?•rS5Ps^r!r' .^.y* !«Mfflii*WK3SSSSi 
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Eye lenses used in military instruments are 
an example. They usually combine a rädius öf 
curvature of less than 1 inch with an angle of 
aperture of 120° or more. This means that the 
surface to be processed is almost hemispherical 
in shape, which makes multiple blocking im- 
possible. 

Blocking Singly 

Convex Work,^-Ea.th lens blank is blocked 
with sealing wax on a wood, steel, or brass 
stock, whose diameter is about the same or a 
little smaller than the blank, Th§ stock should 
be of the right length so that the tool will be 
high enough not to touch the adapter at the end 
of the stroke. The end of the stock on which 
the blank is mounted is flat or curved as re- 
quired. The other end is flat, with a threaded 
hole located centrally for fastening to a metal 
adapter. 

Both the blanks and stocks are heated 
slowly, after which a button of blocking wax is 
placed on the stock. Next the stock is picked 
up with tongs, inverted, and the button end 
placed on the surface of a blank. The blank is 
centered on the stock with the fingers, to make 
processing easier. After cooling, the stock, with 
the blank attached, is screwed to ah adapter 
and the blank is ready for working. 

The adapter is designed to suit the machine 
on which it is used. One end is arranged so 
that it can be mounted on the spindle of the 
machine and the other is threaded to receive 
the stock.- 

Concave Work.—The stock used for mounts 
ing concave lens blanks should be about the 
same diameter as the blank and approximately 
J/| inch inheight. One end. is either flat or 
curved, äs may be required for mounting the 
lens blank, and the other end is countersunk at 
the center to receive the pin in the oscillating 
arm. 

Machines 

The machines used for processing lens 
blanks singly are similar to those used for 
working blanks mounted in multiple, except 
that all parts other than thespiiidle are smaller, 

there are moie spindles per machine, and faster 
speeds are obtainable. Machines having about 
eight spindles will be considered in this section. 

Fine-grinding T<>Q1S 

The curvature of a short-radius fine-grind- 
ing tool must be controlled more carefully than 
one used on löng-radius work. The reason for 
this extra care is that a large part of the grind- 
ing area of the tool is covered by the blank, 
thus permitting little opportunity for correc- 
tion by re-setting the mächine. 

It should be remembered that the wear is 
least near the center of the rotating member 
and greatest near the edge, thus an incorrect 
machine setup Will quickly produce a defective 
radius on the rotating element. 

The surface of each blank should <be very 
close to the eprxect curvature of the next grind- 
ing tool after leaving the preceding; operation 
in order to avoid excessive tool wear. A con- 
vex blank should be slightly low and a concave 
blank slightly high in order that the grinding 
can be döiie from the edge toward the center. 

Sometimes two fine-grinding tools are used. 
The first tool is used to bring the lens bjänk 
curvature nearly to: its proper shape. This per- 
mits the second tool to operate within a range 
where it will npt be deformed beyond the point 
where it can be corrected with adjustment of 
the stroke or center of oscillation. The blank 
from the first tool can be checked on the second 
tool' by using pencil lines äs described later in 
this chapter. 

In setting up the machine, the location of 
the center öf oscillation and the adjustment of 
length of stroke are impoitant, as.a slight error 
in either produces an exaggerated curvature 
oh the blank. The principles of settings and 
changes that have been discussed previously, 
both in this chapter and Chapter 11, apply to 
short-radius work as well. 

In grinding concave blanks,, the tool is al- 
ways placed on the machine spindle. 

Convex blanks, can be processed with either 
the blank or the tool; mounted on the spindle of 
the machine. The latter method is preferred, 
even though it is contrary to the usual practice 
in working blocks, because it is easier to con- 
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trol the curvature when the work is on the spin- 
dle;. A stock is used in either case. However, 
when the tool is on the spindle two differences 
should be noted: (1) a spivey to receive the pin 
of the oscillating arm is threaded in the end of 
the stock opposite that en which the block is 
mounted; and (2) the stock must be at least 
2-inches long. 

Polishing Tools 

The polishing tools for leris blanks of short 
radius and large aperture are made of felt 
and polishing pitch. The tools and blanks are 
mounted on the polishing machine in the same 
manner as work of longer radius of curvature, 
i.e., for convex curves* the blank is mounted in 
the spindle and the polishing tool is placed on 
top,; while for ä concave curvature, the tool is 
mounted in the spindle with the blank above. 

When the polishing tool is the upper mem- 
ber, it should b «lightly smaller than the bläi-k. 
As stated earlier in this chapter, with a block 
of lens blanks of about a 3-inch radius of cur- 
vature and a nearly hemispherical shape, the 
bottom edge of the topi should be about y^ inch 
above the bottom edge of the lowest blank. On 
short-radius work the difference in level of the 
two edges is smaller and decreases in direct 
proportion to the shortening of the radius. Of 
course if the lens blank is concave^ it is the 
upper member and the tool is larger because the 
diameterof the löwer member always should be 
the greater of the two. The difference between 
the edges need not be determined too exactly„ 
but should be such that it will permit re-setting 
of the machine to correct defects in curvature. 

The polishing tool for processing concave 
surfaces is grooved the same as for lönger- 
racJIus work only on a smaller scale, but -usually 
the tool for convex surfaces requires only a 
small hole at its center. 

These tools flow the same as larger ones and 
require frequent trimming to restore the origr 
inäl diameter. 

An operator who has fine ground and pol- 
ished long-radius work, and then starts proc- 
essing shert-radius, large-aperture work, will 
notice many differences between the two classes 
of work.   The speed of the machine is much 

faster in short-radius work. This is .permis- 
sible because the surfaces are near the center 
of rotation. It is more difficult to recognize 
'gray5 oil the surface, especially in the case of 
concave blanks. Every blank must be checked 
for curvature instead of only one on a block; 
consequently greater care is necessary in using 
the test glass, since each blank that is scratched 
must be re-processed. As the surface changes 
more rapidly when polishing, the blank should 
be checked more frequently, than in long-radius 
work. Processing requires frequent changes in 
the stroke of the oscillating arm and it is neces- 
sary to watch the polishing, tool more closely to 
prevent it from' becoming too ferge. 

The number of machine adjustments re- 
quired during polishing can be reduced to a 
minimum by producing at the fine-grinding 
operation a curvature that is best suited to 
polishing. 

CURVATURE OF SPECIAL TOOLS 
AND SHELLS 

In processing a lens blank, each successive 
surface more nearly approaches the final pol- 
ished surface. 

Much of the difficulty encountered, in grind- 
ing and polishing radius work originates: from 
using radius tools that have been prepared im- 
properly. It must be remembered that a definite 
relationship exists between the rough-grinding, 
fifie-grindihg, and mounting tools. The princi- 
pal tools used in processing spherical surfaces, 
and the radius relationships between them, are 
shown in Figure 1217. 

It is important that the surfaces =of the 
blocking shell and the polishing shell shall have 
the same center of curvature, as indicated in 

1L % 

.TCimiwt .l-ÖLl.Q.- 

thickness öf the layer of blocking adhesive be- 
tween the blocking shell and each blank shall 
be uniform for all blanks. It also assures, that 
the thickness öf the layer of polishing pitch on 
the polishing tool will, be uniform. If the least 
thickness of the layer of adhesive between each 
blank and the blocking shell is not uniform for 
all blanks, those elements with the greater 
thickness between them and the blocking shell 
will receive a greater pressure and thus will'be 
forced out of position. 

«   - 
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CHART SHOWING COMPARATIVE SIZE OF TOOLS 
USED IN LENS PROCESSING 

FOR CONCAVE 
LENS SURFACES 

Rough Grinding Tool 

Locating Shell 

Fine Grinding Tool 

Polishing Tool 

sCSame radius as finished 
lenä surf äce> 

FOR CONVEX 
LENS SURFACES TOOL OS FIXTURE 

NOTE.: The ^bscript.:numbers. in^corinection ydth._the. symbol Mi .are. in. .order, of jaize. 
(i.e., Ri is less than R2, R2, is less than R*3j etc., R7 being the largest radius). 
•R4 is the finished radius desired for either a convex or a concave lens surf ace. 
The difference in radii shown in the. drawings is greatly-exaggerated for 
clarity. The actual difference in radii is only a few hundred, ^thousandths of 
ah inch; 

Figure 1217. 
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Blocking and Polishing Shells 

Blocking Shell.^The radius of curvature 
of the blocking shell depends upon whether the 
surfaces to be processed are convex or concave 
and upon the greatest finished thickness of the 
blanks. For convex surfaces the radius of cur- 
vature of the block is less, and for concave sur- 
faces the radius of curvature is greater, than 
the finished radius. The reason for this differ- 
ence can be seen by referring to Figures 1218 
and 1219. From these two figures it will be 
seen that the difference is equal to the greatest 
finished thickness of the blank plus the least 
thickness of the pitch button, which latter (ti) 
should be about 0.200 inch when the lens blank 
ds blocked. 

radius of the lens blank surface that is being 
processed.. The table given in Figure 122Ü il- 
lustrates one series of curvatures, referred to 
that of the finished surface, that has been used 
successfully at Frankford Arsenal. The cur- 
vature comparison for the rough-grinding tool 
is expressed in rings in this table* in order to 
show the relationships more clearly. However, 
in actual practice, the rough-grinding tool is 
tested with a radius gage or a spherometer 
rather than with a test glass. 

Convex Work.~A high lens blank is diffi- 
cult to locate on the locating shell. Therefore, 
in order thai locating can be done more easily 
and to reduce the necessity for removing too 
much axial thickness, the blanks should be 

TABLE SHOWING RELATIONSHIP OF 
BLOCKING AND POLISHING SHELL 

RADII TO RADIUS OF FINISHED LENS 

RADIUS OF FOR CONVEX 
" LENS 

FOR CONCAVE 
LENS- 

Blocking Shell 
Polishing Shell 

R-(.T+fci) 
R+t2 

: R+.CT+ti), 
. R—12 

Explanation of Symhöls (see also/Figure 1218): 
R=Finished Polished Radius of Lens Surface 
T=Greatest (Overall) Thickness of Lens 
ti== Least Thickness of Pitch Button 
t2=Thickness of Polishing Pitch 

TABLE SHOWING RELATIONSHIP OF 
TOOL AND LOCATING SHELL RADII 

TO RADIUS OF FINISHED LENS 

CURVATURE PRODUCED 
WHEN CHECKED WITH 

A TEST GLASS ON A 

TOOL OR FIXTURE Convex Lens Concave Lens 

Rough-grinding (FFF.) 
Tool 

Locating Shell 
Fine-grinding Tool 
Polishing Tool 

8--r-'ings4ow 

6 rings low 
3 rings low 
3 rings (or   ' 
fewer) low 

.  Sririgs high 

6 rings high 
3 rings high 
3 rings (or 
fewer) high 

Figure 1219. Figure 1220. 

Polishing Sheila—The radius of curvature 
of the polishing shell is such that when the 
layer of pitch is applied the resulting polishing- 
i-s\fA oiiyCo/>ja Ttnill  Ken7A "kj^ü varlino. r\-F4:li£i "firnclior! 

(polished) lens. Therefore, for concave sur- 
faces, the radius of curvature Of the polishing 
shell is less than that of the polishing tool* and 
for convex surfaces it is greater. The differ- 
ence as the thickness of the layer of pitch (see 
Figure 1219-t2) and normally should equal %? 

inch, as previously stated. 

Tools and Locating Shells 

The difference in radius between the locate 
ing shell and the grinding tool .depends upon the 

slightly low to this shell. Iii order that the 
curvature of the blank will be low to the tool at 
the start of each operation, the radius of each 
tool becomes slightly shorter äs the progression 
is made from rough-grinding tool, to locating 
shell, to finergrinding tool, to polishing tool. 
This assures grinding from the edge of the 
work inward. The polishing tool has the ra- 
dius desired for the finished lens. 

Concave Work. — Conversely,, for concave 
surfaces the radius of each tool used is slightly 
longer than that used in the operation; As in 
convex work, the progression is from the 
röügh-grinding tool, to locating shell, to fine- 
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grinding tool, to polishing shell.   The polishing 
shell has the radius of the finished lefts. 

Variation with Operator.—When breaking 
in new operators, it is advisable to increase the 
difference between the radii of the tools and 
the finished leris. On the other hand some 
experienced operators prefer small differences, 
i.e., they might use a descending series of 6, 4, 
and I rings. The difference between succes- 
sive tools is not altered, but each is made 2 
rings closer to the radius of the finished lens. 

Variation with Angle of Aperture. •—• It is 
usual to use a smaller difference between the 
radius of the tool and the radius of the finished 
lens, for blocks which subtend a comparatively 
small angle. That is, a block wbich subtends 
180° should have a rough-grinding tool which 
differs in radius by the maximum amount of 8 
rings, while a block which subtends 60° may 
have a difference from the rough-grinding tool 
of only 6 rings. 

Determining Curvature.—The radii of the 
rough-grinding tool, work block, and polishing 
shell are cheeked with a radius gage or spher- 
ometer. Because they have a fiherground sur- 
face, locating shells and fine-grinding tools can 
be checked Optically with ä test glass* but when 
these tools are being made or corrected they 
usually are checked with a gage; The curva- 
ture Of the polishing tool is always checked by 
checking optically the lens surface produced 
by it. The difference in radius between the 
fine-grinding tool and the polishing tool, being 
only a few hundred thousandths of an inch, 
is checked by measuring optically the surface 
produced by each. 

----- •Qks-ski!ig--Ea^u^t-Cür¥ajtja£e  

The radius of curvature of grinding tools 
usually is checked indirectly. That is, a block 
Of lenses is ground, given a 'shine' with the 
polishing tool* and then one of the blanks is 
tested with a test glass. Hence any references 
to rings, high or low* do not refer, to the block 
as a whole but to an individual lens of the 
block. Jt is rare that grinding tools are tested 
directly with a test glass (except in the case 
of stiffäces, of very loiig radius approaching a 
plane) because this can be done only with tools 

that are finished very well. It should be noted 
however, that the use of a test glass to check 
metal tools, preferably under a monochromatic 
light, is not poor practice providing that every 
care is taken to prevent scratching the glass. 
When the surface of a tool is corrected, the 
corrected surface is cheeked indirectly by the 
optical method, as radius gages usually are not 
satisfactory for checking the final correction. 

Rough-ground Lens Blank.—-After grind- 
ing with FFF abrasive or its equivalent. 

Locating Shell Available.—When a locating 
shell of correct radius is available: 

1. The blank is marked with a pencil as 
shown iii Figure 1221(a). 

2. The blank is rubbed against the mois^ 
tened surface of the locating shell. 

3. The pencil marks that remain after rub- 
bing, are examined. These may be similar to 
(b), (c)<* (d), or (e). If the curvature of the 
lens is correct the mark remaining will be 
like (c). 

Fine-grinding Tool Available.—When ä finfr- 
grinding tool of correct radius is available the 
procedure is the same as described in the pf e^ 
yiöus paragraph. The remaining marks will 
be longer because the radius of this tool is 
nearer the radius of the finished leiis; The 
marks on a lens of correct curvature accord- 
ingly should extend out from the center about 
five-eights of the distance from the center of 
the blank to the edge. 

Neither Locating Shell nor Fine-?grinding 
Tool Available, (a) Using a Finished Radius 
Gage.-^-A convex blank must be ground low, 
i.e., so as to have a longer radius of curvature 
than the gage with which it is Checked. A con- 
cave lolärik Must be g/öurid; high, He., soas to 
have a shorter radius of curvature than the 
gage with which it is checked. It is more 
difficult to check the curvature satisfactorily 
with a radius gage thati with a spherometer. 

-(b)- Using ä Dial Spherometer. ^- A dial 
spherometer is set to read zero when placed on 
the spherical surface of a sample lens blank 
and then the spherical 'surfaces of all pieces 
tested should produce a zero reading if they 
have the same radius of curvature. 

•Jcy 
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Locating Shell. Fine-grinding fool AvaiU 
able.-^When & fine^grinding tool of the correct 
radius is available: 

1. The blanks are mounted by means of 
the locating shell and the surfaces of the blanks 
are marked with crossed crayon lines. 

2. The block is fine ground by hand with 
the fine-grinding tool. 

3. After a short period of fine grinding the 
crayon markings are examined. If the surfaces 
are ground about halfway between edge and 
center of the block, the locating shell is correct, 
see Figure 1221 (c). 

Fine-grinding fool Not Available.-^-Wheri 
the radius of the fine^grinding tool, is in doubt 

(a) Using ä Locating Shell a-^ a Fine- 
grinding Tool. 

1. The lens blanks arfe mounted, using a 
locating shell. 

2. Fine^grinding is done with ' 'me locat- 
ing shell. 

3. The work is polished for about 5 to 10 
minutes or until it acquires a shine> 

4. The blanks are checked -with a test 
glass. 

(b) Using Test Glass on Locating Shell. 
1.    Sometimes when the tool 5ias a fine 

ground surface, it may be checked with ä test 
glass, using the mate of the one to be used for 
checking the work. 

Fine-grinding Tool. Locating Shell Avail- 
a&Ze^—When a locating shell of the correct 
radius is available: 

1. The lens blanks are mounted, using a 
locating shell,, and the surface of the blanks are 
marked with crossed crayon lines. 

2. Fine grinding is done by hand, using 
the finergrinding tool. 

3. The crayon lines are examined after a 
short period of grinding, if the grinding has 
started in the center, the radius of the tool is 
too long if grinding convex blanks, and too 
short if grinding concave blanks. If grinding 
starts at the edge and tends to seize the block, 
the radius pf the tool is too short if grinding 
convex blanks, aiid too long, if grinding concave 
blanks. If, after a short period of hand grind- 
ing, the marks have been removed about halfT 
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way from the center to the edge of the block 
the grinding operation can be completed, «sing 
the oscillating arm, 

4, The work is polished for about 5 to 10 
minutes, or until it acquires a shine. 

5. The work is checked, with a test glass. 
Locating Shell Not Available. —? When a 

locating shell of the correct radius is not avail- 
able: 

1. The line-grinding tool is checked 
a, finished radius gage, and the tool is corrected 
if necessary. 

2. The blanks are mounted* using the fine- 
grinding tool as a locating shell. 

3. The work is fine ground. 
4. The work is polished for about 5 to 10 

ininutes, or until the work acquires a shine. 
5. The work is cheeked with a test glass. 
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CHAPTER 13 

CENTERING AND EDGING LENSES 
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'Centering and edging' is the process of 
grinding the edge of a lens so the edge will be 
circular and concentric with the optical axis of 
the lens. The work is done on what are known 
as 'centering and edging' machines. The first 
step is to mount or 'center' the lens, on a chuck 
or other fixture that is rotating slowly, so that 
the optical axis of the lens coincides with the 
axis of rotation. After the lens has been cen- 
tered and while it continues tö turn, it isgrouhd 
to the required diameter by bringing a rotating 
grinding wheel into contact with the edge. This 
latter operation is called 'edging'. In addition 
to centering and edging, it is customary to 
bevel one or both corners of the lens on this 
machine as well. 

Two methods- are used for centering the 
lens on the machine, one known asthe 'reflected 
image' method, and the other as the 'aligned 
clip' method. The former system is used pn the 
machines manufactured by Elgin Toot Works,. 
Jorgänr-Andersoii Company^ Rpbinspn-Houchin 
Optical Company, Universal Camera Corpora-^ 
tipn, and others, while the aligned cup method 
is used on machines made by Eastman Kodak 
Company, who developed the process, and by 
Shuroh Optical Company. 

The machines that use the refiected-image 
method for centering,, can be built with two or 
four spindles, the multiple spindles permitting 
the operator to center and bevel one lens while 
another is being grpuhd, On the pthef hand, 
while the machines that use the aligned-cup 
method have only one spindle, a single operator 
may use two of more simultaneously. Various 
machines and the two methods of centering are 

Centering and edging are related very 
"closely tö the process of cementing flint and 
crown elements into doublets. There are three 
general procedures for performing these three 
operations, Pne pf which is to center and edge 
the flint and crown elements separately to the 
finished diameter and then cement them to- 
gether to make doublets. 

Another methpd is to center the flint ele- 
ment and grind its «dge until it is circular and 
concentric with the optical axis pf the lens, but 
keeping It larger than the finished diameter. 
Next* an uncfentefed crown is cemented to the 

flint, taking care that the optical axis of the 
two elements coincide, and then the resulting 
doublet is centered and edged to the desired 
diameter, This method permits eeiitering and 
edging two elements at the same time and gives 
a better edge than when the elements are proc- 
essed separately. 

The third method is to cement a pair of 
uncentered flint and crown lenses together and 
then center and edge the doublst thus fprmed, 
This method is used very little, however, be- 
cause it is difficult to center riipre than the put- 
side surfaces of the doublet on the spindle of 
the centering machine, Thus the doublet may 
appear to be centered enly because the error in 
one element counteracts an -opposite error in 
the other. Furthermore, When this method is 
Used, the elements develop a prismatic condi^ 
tion (Figure 1306), which makes it impossible 
for them to be inter changeable, and, iii addi- 
tion, the dpublet may have poor definition. 

The particular procedure used for centering 
and edging depends pn Which Pf the three 
methods j ust mentioned are adopted. However, 
the third method should not be Used pn preci- 
sion optical elements except under emergency 
conditions when the doublets are vitally needed 
and the existing conditions prevent use of one 
of the first two methods. A practical modifi- 
cation of this method has been developed by 
Optical Research, Inc., and, together with 
methods of coating the edges, is described in 
Chapter 2Q, under "Centering and Edging Ce> 
mehted Lenses," 

CENTERING AND EDGING MACHINES 
AT FRANKFORt) ARSENAL 

It is the practice at Frankford Arsenal to 
center and edge crown and flint elements sep- 
arately and then cement them together to make 
the doublets. The following makes of machines 
Were used during World War II. 

Elgin Topi Works 

Figure |3X)1 shows ä twö^spindle, fixed- 
speed machine equipped with an 8-inch-diam- 
eter, 1-inch-face diamond wheel Which revolves 
at a speed Pf 1750 fpm.   The front spindle is 
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used for centering and is controlled by a foot 
treadle* The rear spindle is used for griitd^iig. 
Whenever grinding is complete, the head which 
holds the two chucks is rotated 180°, bringing 
the h^wly-cehtered lens into position for grind- 
ing and bringing the edged lens into position 
for dismounting. The chuck speed is 200 rpm 
while centering, and 30 rpm while grinding. 

Jorgan-Anderson Company 

Figure 13Ö2 shows a fourTspindle machine 
capable of edging lenses up to %y% inches in 
diameter. The carborundum wheel is 8 inches 
in diameter, has a face 1*4 inches wide and 
revolves at a speed of 820 rpm. The head in- 
dexes to bring each of the four spindles, in 
sequence, to each of the four stations.   When at 
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the front station for centering the spindle is 
-controlled by ä foot treadle. Grinding is done 
at the rear station. At the top and bottom 
stations the spindles continue to revolve* but 
no operation i& performed. The speed of the 
chuck is 309 rpin while centering, and 8 rpm 
while grinding. If a draoiond wheel is substi- 
tuted for the carborundum wheel, the surface 
feet per minute must be increased accordingly. 

Robihsqn-Houchin optical Company 

JjTgure 1303 shows a two^spindle machine 
equipped  with a  diamond»charged wheel,  5 

inches in diameter and with a face %-inch 
Vrrjde. xtrkjch revolves at- ä speed of atraroxir 
mately 3400 rpm. The spindle speed is 245 
rpm while centering,, and 6 rpm while grinding. 

CENTERING, EDGING, AND BEVELING 
OPERATIONS 

Centering and Edging—The foregoing cen, 
tering and edging machines use brass chucks 
With an outside diameter of 0.005 inch less 
than the finished diameter of the lens and a 
wall of thickness that varies from 0?062 inch 
for smalllenses up to 0:125 inch for the larger 

<t 

n 

SPfNELE"   "CfiÜÖK'V 

,"GAS TCKGH 

fOÖL,REST 

1-2".KICR0METEF 

V/AX.SCRAP£a 

=SPINDLE 
JJ^EAflUE LI, 

' iiffKOkVE BEVBLXTfS 
TOOL 

••äRicSDijrtrtKffiEg' 

MECx?GM2TEH^SEl'Ti:;G- 
IJECSiKiGAi S$0P 

POSITJpMINß- LEVER 

.\VHEELl 
POSITIOEIHG JM1ERJ 

"MOfOR 
.SWITCH; 

r-^-PPF ABRASIVE, 

-""PE.Ofi^-SPDiljLE-'.-:, 
SFEED-Ü'OÄÖL PESÄL -, 

*"> 

Figure 13Ö2.^Four-spindle Gentering and Edging Machine. 
(Jorgan-Ahderson) 

•^y • £y---^~ - " »V-'rr-;,-:" -saääSÄai 



1305 

I 

ITSia-IIf" FOR 

:?-vf*     Vi>-w-.L>.Cl.i-; 

LI*JJ" i^Viih 

Robinsorir-Höuchin Optical Company 

Figure 1303.—Two-spiiidle Centering and Edging Machine. 

sizes. It is important that the diameter of the 
chuck be very little less than that of the finished 
lens so that it will leave no visible scratches 
on the nnlishsd siirfepfv of the lens after it is 
centered and cemented. The same chucks are 
used for both convex and concave lenses. The 
open end of the chuck is turned down with a 
flat-nosed file or other cutting tool to, end in a 
knife-edge. It is very important that the edge 
of this v'^enu be perfectly smooth äiiä in ä plane 
perpendicular to the axis of rotation. To test 
the face of the chuck for accuracy, a polished 
glass plate is held against the rotating chuck 
and the reflected image of a light is observed.. 
If the image moves, the end öf the chuck is 
dressed and tested again. This process is re- 
peated until the image remains stationary. 

With the machine in motion arid the chucks 
mounted properly, the chuck nearest the oper-r 
ator is heated by means of a small gas flame 
and wax is applied to the V-end of the chuck. 

The quantity of wax must be sufiicierit to hold 
the lens firmly but not enough to fill the inside 
channel of the chuck, for if this channel be- 
comes completely closed, the pressure öf the air 
inside will increase from the heat of the gas. 
flame, press against the inside surface of the 
lens, and force the lens off the chuck. As ah 
added precaution against building, up any back 
pressure, small vent holes are drilled through 
the chuck near its Base ("Figure T3ÜI). 

When the proper aöioünt of wax has been 
applied* the chuck is stopped and the lens is 
placed against the V-erid, taking care that there 
is a thin layer of wax between the glass and 
the metal. The-surf ace of the lens which even- 
tually will be cemented in ä doublet is placed 
against the chuck so that the edge to be beveled 
in, the same mounting will be the outside of the 
lens. Now the machine is started again and 
the wax reheated until it becomes soft enough 
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Figure 1304.—Typical Chuck for Holding ä Lens on ä Spindle of 
a Centering and Edging Machine. 

to permit the lens to be moved laterally on the 
V-end of the chuck. 

In order to bring tjxe öpti<*u axis of the lens 
into exact alignment with the mechanical axis 
of the chuck, a finely tapered wooden stick, 
known as a 'centering stick', is steadied on a 
tool rest and the tapered end is pressed against 
the surface of the; lens near its outer edge. 
Light pressure is applied to the rotating lens 
through this stick,to move the lens gently until 
the images of light, that are reflected from both 
the inside and outside surface of the lens from 
a light placed to shine oh it, become stationary. 
Äs the centering stick is pressed against the 
lefis,rtfil layer of" Wax Between the Ie"fiS and the 
knife-edge becomes thinner, the excess spread- 
ing to either side to form a firm binder between 
the lens and the sloping sides of the V-end. 
Care must be exercised not to put excessive 
pressure on the lens with the stick, since that 
might cause 3. 'chuck mark' or 'stick mark' on 
it, "see Chapter 24.   Should the lens fail to 
move under light pressure^ the wax should be 
softened further by applying more heat.  When 
the lens is centered properly, the surface of the 

glass must be in direct contact with the V-end 
of the chuck, because, if this condition does not 
exist, the pressure of the grinding wheel on the 
lens will cause it to drop off the chuck. 

After the lens has been centered, the chuck 
and the work are cooled with water applied to 
the chuck with a sponge. Any wax which is 
in an area to be ground, is removed from the 
outside öf the revolving lens with a wax-scrap- 
ing tool (Figure 1305) held on the tool' rest. 
This must be done because the surface of the 
grinding wheel will be impaired if it picks up 
any wax. 

After the lens has 'been centered properly on 
the spindle, the head of the fiäächine is rotated 
to bring the spindle carrying the lens into pesk 
tion for grinding the edge. The grinding wheel, 
kept wet with a stream of water, is brought 
forward into contact with the edge of the lens. 
The micrometer is adjusted to limit the travel 
of the grinding wheel to the amount necessary 
to reduce the lens to its finished diameter. The 
grinding head is counterbalanced by a weight 
to relieve the lenses from chipping. This pre- 
caution is particularly important with small 
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lenses. A second lens is Sentered while the 
first lens is being edged. After the first = lens 
has been ground to size^ the wheel is set back 
and the head is rotated, to bring the second lens 
into grinding position and return the lens that 
has just been ground to its original position. 
Figure 1306 shows a lens before and after ceii^ 
ter-ihg and edging and the amount of glass rer 
ifipved during the edging operation. 

Beveling.-^-The next step, which is to bevel 
the lens, is done before it is removed from the 
spindle. To do this, FFF abrasive and water 
are placed on the beveling tool which is then 
cupped over the edge of the rotating lens.   Both 

angular and flat bevels are illustrated in Fig- 
ure J307. When an angular bevel is desired, 
the radius of the surface of the tool is calcu- 
lated by using formula (7) given in Chapter 7, 
under "Beveling." For angular bevels, the tool 
is held at an angle of approximately 45° with 
the horizontal and worked within a narrow 
range of movement in order to keep fresh ab- 
rasive in contact with the glass., Flat beveling 
is usually done by hand, the tool is flat to the 
work, and abrasive is added: as needed. Angu- 
lar beveling requires about .30 seconds unless 
small chips are to be removed, in which case 
60 to 90 seconds may be necessary.   When 

AFTER 

LASS REMOVED 

PHYSICAL AXiS 

OPTICAL AXIS 
PHYSICAL AXIS AND 
OPTICAL AXIS COINCIDE 

Figure 1306.= 

i«-GLASS REMOVED 

-Centering and Edging a Prismatic Lens to Make Physical Axis 
Coincide with Optical Axis; 



im 

*&'"~< 

beveling is completed, clean water is squeezed 
from the sponge over the lens and chuck to re- 
move any abrasive, and the surface is dried 
v.äth a clean paper towel. After beveling, the 
lens is removed by heating the chuck just suffi- 
ciently to melt the wax. 

ANGLE BEVEL 

FLAT  BEVEL 

Figure 1307.—Types of Bevels. 

Next the lens is soaked in alcohol to dis- 
solve any wax that may still adhere to it. Any 
gritty filler from the wax which remains on the 
lens is brushed off carefully with a soft camel's-? 
hair brush. 

After this the lens is rinsed in clean alco- 
hol, dried with a clean piece of cheesecloth 
to prevent staining,, inspected for chips and 
scratches, and wrapped in lens paper. 

CENTERING AND EDGING MACHINES 
USED BY VARIOUS MANUFACTURERS 

Eastman Kodak Company 

The Häwk-Eye Works of Eastman Kodak 
Company has designed aiid built centering 
equipment which accurately centers spherical 
optical elements automatically. The funda- 
mental principle of this patented equipment is 
that, when two accurately aligned cups are 
pressed against the surfaces of a spherical ele- 
ment, they will automatically position the ele- 
ment so that its optical axis will coincide with 
the mechanical axis of the shafts on which the 
cups are mounted. The optical element, held 
by the cups, is rotated against ä rotating grind- 
ing wheel, and ground to the desired diameter. 
A lens of long radius cannot be centered by 
this method because the curvature of such a 
lens does not provide" sufficient centering actipm 
If desired, the grinding wheel can be dressed 
so that it will grind one or two bevels on the 
element while it is being edged. 

This machine is made in two sizes. The 
large size handles elements from-1%, inch to 

10 inches in diameter while the small size takes 
lenses from %6 inch to 1% inch in diameter. 

Large Machine.^-The large machine shown 
in Figure 1308 is automatic in its operation to 
a large extent, which enables one operator to 
run two or more machines. Figure 1808 (a) 
shows the shafts and cups before inserting the 
optical element. It also shows the G-r-220-UW 
grinding wheel, which has a 45° and a 60° 
bevel on its edges and runs at a speed of ap- 
proximately 860 rpm. The equipment is so 
designed that the wheel can be moved longi- 
tudinally along its axis so that when raised, its 
edge will be either in the position for edging or 
the position for beveling, whichever is desired. 
The wheel is re-dressed, after each lens is 
edged, by a dressing tool set in back of the 
cups and not shown in the figure. The nozzles, 
by means of which a constant stream of water 
is kept flowing over the grinding wheel, can be 
seen in front of the cups in Figure 1308 (a), 
(b). aiid .(c)... Normally,.spherical elements can 
be edged on this equipment to within 0.0005 
inch.. 

Procedure—^The first step in operating the 
large machine, after it has been adjusted for 
a particular element, is to be sure that the 
cups are absolutely clean and free from foreign 
material, particularly glass particles.   This is 
important, because such material will affect 
the accuracy of the centering and may cause 
scratches.   After the element has been placed 
between the cups and centered approximately 
by eye, the cups are forced toward each surface 
by air pressure to center the element accu- 
rately.   The micrometer is set for the proper 
diameter.   The machine is started; the water 
starts flowing; the element and the grinding 
Wheel start rotating;. and the grinding wheel 
begins to oscillate along its axis.   Then the 
wheel is raised to the cutting position* see Fig- 
ure 1308(b).   As soon as the element has been 
edged to the correct diameter, the rotation and 
oscillation of the grinding wheel are stopped. 
The wheel is then lowered aiid moved along its 
axis to the beveling position.   The micrometer 
stop is set for the desired bevel, the machine 
is started again, and the wheel is raised to the 
bevel-cutting  position,  äs  shown  in  Figure 
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1308 (c). When the beveling operation is com- 
pleted, the wheel is lowered, returned to its 
original position, the machine stopped, the air 
pressure turned off, the element removed from 
the cups and checked for diameter and bevel. 

Small Machine,-^The small machine shown 
in Figure 1809 is similar to the larger machine 
in most details, but is semi-automatic so that 
one operator can operate a battery of six ma- 
chines. Tolerances on this equipment can be 
held to within Ö.0Ö02 inch. 

Procedure.-^-Th.Q small centering machine 
requires the operator only to be sure that the 
cups are thoroughly clean, to insert the element 
between them, and to press the button shown 
in the opening in the frönt (Figure 1309). The 
machine carries out the remainder of the operas 
tion, stopping automatically when the operation 
is finished. However, a hand air-release valve 
is provided for emergency use. This equipment 
uses the same cycle as the larger machine and 
can be made to bevel both edges in sequence 

ranting the lens.   Like the larger 
machine, it has a micrometer that can be set 
to give the lens the desired finished aperture 
(Figure 1306). 

The operator should check the finished ele- 
ment for diameter, because this is controlled by 
the only machine adjustment that the operator 
makes. An instrument for checking the con- 
centricity of edged elements is shown in Fig- 
ure 2421, 

Sftürön optical Company 

This machine uses the patent of Eastman 
Kodak Company. Like the machine of that 
Company, it iis designed to center and edge a 
spherical lens automatically and to eliminate 
the necessity of waxing the lens to a chuck. 

To make room for placing a lens in the 
machine* (see Figure 131ft),, lever 3 is moved 
to the right to separate cups 1 and 2. The lens, 
with ä piece of tissue paper folded over it is 

held between the cups With the left hand, and 
lever 3 is moved with the right hand to the left 
until the cups press against the lens lightly. 
Lever 3 then is moved farther to the left, ex> 
ertmg considerable pressure and causing it to 
center automatically. The excess paper is torn 
away and the lens is ready to be edged. 

Next the carriage is lifted by raising lever 3, 
and the rotation of the lens is started by mov- 
ing lever 6 so that it points up. Then lever 5 is 
released and the carriage is lowered carefully 
by lever 3 until the lens touches the carborun-^ 
dum or diamond wheel, A/preiitnihary light 
cut is made around the lens, the diameter is 
measured with a micrometer, and dial 4, which 
reads in thousandths of an inch, is set for the 
diameter desired. 

New Jersey Machine Corporation 

The New Jersey Machine Corporation cen- 
tering and edging machine is illustrated in 
Figure 1311. Machines similar to it are used 
by the optical departments of Naval Gun Fac- 
tory and Keuffel & Esser Company. 

Centering and Edging. -^ When using the 
machine for combined centering and edging, 
the procedure is the same äs with an Elgin, 
Jorgan-Ahdersöii, or other standard commer- 
cial centering and edging machine. 

The centering may be done separately, if 
desired, either in a lens-centering instrument as 
shown m Figure 1312:, or on a rotating spindle. 
In either case the chuck is mounted on a ta- 
pered fixture, Figure 13i3, which is used Be- 
cause it provides a more accurate alignment in, 
the edging mächine than if a screwed mount 
were used. 

If the lens is to be centered ön ä chuck held 
in a rotating spindle, the tapered insert, Fig- 
ure 1313, with the chuck attached* is mounted 
in the spindle, which is then set in motion and 
the centering is done in the normal manner. 
After the lens has been centered, the fixture 
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Shüron Optical Company 

! 

Figure JLSlO.—Cup-äligned Type Centering and Edging Machine. 

with the chuck is inserted in the edging ma- 
chine, Figure 1311, and the lens is edged by 
the usual procedures already described. 

The procedure for centering a lens using a 
lens-centering instrument, as shown in Figure 
1312, is described later in this chapter. 

The following procedure is used to set the 
machine for edging lenses to any desired äiäffv? 
eter automatically. After the lens is mounted 
on the spindle of the machine, the micrometer 
dial, Which controls the setting for the desired 
diameter, is turned clockwise until the grinding 
wheel makes no contact, with the edge of the 
lens. The pawl is lifted from the automatic 
feed ratchet wheel,so that this wheel will have 
no effect while the initial Jens is being edged. 

The oscillation of the lens is set by adjust- 
ing the oscillating control arm so that the lens 

travels ttie full width of the wheel face,, but not 
beyond it oh either side.   If the lens goes be- 
yond the face of the wheel, it may be pulled off 
the chuck or its edges may be chipped.   The 
longitudinal position of the grinding wheel with 
relation tö the axis of the machine is set by 
turning the knurled disk.   The three switches 
which control the grinding wheel; the lensr 
spindle with the lens,, and the lens-oscillating 
mechanism, are turned on in the order named. 
Next the water valve is opened. The catch lever 
is raised With the right hand to release the 
grinding wheel and thus permit it to be pulled 
into contact with the lens by the pressure 
spring.   As grinding continues, ;the micrometer 
dial is backed off with the left hand.   Wheti 
the element has been ground to the proper 
diameter, the micrometer dial is locked and the 
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llvw Jersey Machine Corporation 

'Figure 13il.—Single-spindie Centering and Edging Machine.. 

automatic stop is set by tightening the microm- 
eter setscrew. 

Wheri the micrometer dial has been set prop- 
erly* the automatic feed mechanism for the 
grinding wheel is set by adjusting the feed con- 
trol bar in the slotted levers at each end and 
tightening .the wing nuts to hold it in position. 
Then the pawl is repiäged on the feed ratchet 
wheel and the automatic feed for the grinding 
wheel is ready to operate. Care must be exer- 
cised in adjusting this feed because too much 
feed per stroke will cause excessive pressure 
on the leiis, while too little will cause the opera- 
tion to consume top much time. 

After each ;element is ground to diameter, 
the pawl is raised and the feed ratchet wheel is 
returned to its starting position, which moves 
the grinding wheel away from the element. 

To sumfnärizej the spindle on which the 
lens is mounted reciprocates in front of the 
grinding wheel, which is fed towards the lens 
by a ratchet and pawl mechanism operating ä 
micro-feed, until it comes up against a dead 
stop which lias been set previously for the re- 
quired diameter. The hollow quill, tapered for 
quick removal from its spindle, ;is mounted on 
a reciprocating slide, the maximum stroke of 
which is 2 inches. The maximum grinding 
wheel diameter is 7 inches which permits, the 
machine to edge a lens .3 inches in diameter i 
The grinding wheel operates, at 2100 rpm while 
the spindle speed varies from 175 rpm tö 500 
rpm. 

Bfeveling. — The tens-spindle unit can be 
swung in a circular beveling guide so that, if 
desired, the grinding wheel can be used for 
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New Jersey Machine Corporation 

Figure lji|^lastrumenj for Opilcgijy 'Centering g, 
Lens on, a Ghück Prior to Mounting ön an 

Edge Grinding Machine.,   (Model 89) 

beveling, the mäximuni angle/ pf bevel being 
55°. It is not practical, however, to use the, 
same machine for both grinding to diameter 
and beveling one lens; after another. This is 
because the lefts-spindle unit cannot be re- 
turned from the beveling position setting for 
diameter grinding without careful adjustment. 

Accordingly, separate machines should be used 
for grinding to diameter and for beveling. 

Centering Only. -~ The lefts-centering in- 
strument used by the Optical Department of 
Washington Navy Yard (see Figure 1312) 
uses a transmitted image instead of a reflected 
image and makes the lens being centered a part 
of the optical system of the instrument. The 
instrument consists of a stand supporting an 
upper telescope of the elbow type, equipped 
with a reticle with an open center, and aligned 
with a lower collimator tube arranged for eäf- 
ryiftg both the tapered iefts höldingspindle, Fig- 
ure 1313, and centering chuck, Figure 1314, oft 
top and with an adjustable illuminated reticle 
unit in the bottom. The collimator tube can 
be moved' to suit the foeal length of the lens 
being centered and is fitted with a draw-in 
mechanism for accommodating the tapered 
lensrholding spindle. When this spindle with 
its centering chuck is inserted in the top end 
of the collimator tube, the thread on the spindle 
engages the thread in the draw-in mechanism 
which aligns the spindle in the instrument ac- 
curately. The edge of the centering chuck is 
coated with a cement of the Duppnt Household 
type and the lens is placed on top of the chuck. 
The instrument operates by passing a beam of 
light from a small lamp at the bottom of the 
instrument successively through the lower tube, 
its reticle, the lens to be centered, and through 
the reticle of the top telescope to the eyepiecei 
The lens is centered by moving it around on; the 
chuck With one hand, until the cross lines of 
the bottom reticle line up with the open center- 
of the top, reticle and remain stationary, as the 
whole top part of the lower tube is rotated With 
ihefather hand.          _   

After the lens has been centered on the 
chuck,, the entire unit including tapered spin- 
dle, c;huck, and lens, is removed and placed m 
a rack vertically to permit the cement to dry 
sufficiently to hold the lens for edge grinding. 
This usually requires about two hours. If too 
much time elapses between centering and edge 
grinding, the cement may becpme too Brittle-to 
hold the lens securely. 
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New Jersey Machine Corporation 

Figure 1313.-^Lens-holding Spindle for Centering; 

BREAK CORNERS 

,        ,      - , Optical Research, Incorporated 

Figure 1314.—Centering Chuck for Tapered Spindle of Centering and Edging Machine. 
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Universal Camera Corporation 

Figure 1315.—Fourrspiiidle Gentering and Edging Machine. 
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Bell & Hqwell Company 

This company has developed a series 
three separate machines for centering, edging^ 
and beveling lenses. The centering machine 
consists of a head for driving a, shaft that has 
a hollow taper. The shaft receives a tapered 
quill which carries :a ehuok on which the lefts 
is 'mounted with wax in the usual manner and 
centered, using either reflected or transmitted 
images. When the lens has been centered, the 
quill with the lens and chuck is removed and 
inserted in the head of the centering machine. 
This machine embodies a head for receiving 
and driving the quill, and is equipped with ä 
cup-shäped diahiond wheel, the axis of which 
is. horizontal and perpendicular to the axis of 
rotation of the quill.   This arrangement of 

[•FT 

grinding wheel and quill insures that the edge 
of the^ lejis will be flat. Iii addition, the ma- 
chine has a feeding device and a suitable stop 
for controlling the grinding operation. Because 
the quill carrying the lens can be removed and 
replaced with a new one quickly, the edging 
machine is grinding almost continuously ^ 

-After the Tens has been edged, it is trans? 
ferred,, while still mounted on the quill, to a 
beveling machine, which contains a head for 
receiving and driving the quill and ä bed for 
supporting the abrasive wheel. This wheel can 
be set to grind a bevel of any desired angle oh 
the lens, is fed by means of a hand-operated 
lever, and is equipped, with a micrometer stop. 
It is practicable with this type of beveling ma- 
chine to grind a bevel, that is of any desired 
angle and width and that runs true with the 
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periphery of the lens. After the lens has beep, 
beveled, it is .removed from the quill,, which is 
then ready to receive another Jens for proc- 
essing. 

Universal Camera Corporation 

This edging machine is of the foür-spindle 
manually-indexed turret type and is illustrated 
in Figure 1315* The lens to be edged is cen- 
tered on the spindle in front of loading position. 
The speed of the spindle is controlled by a foot 
pedal, so that it may be stopped for mounting 
the lens ön the chuck or driven at a fairly high 
sn.eed. for center-in**. 

Both a,stationary gas flame for heating, and 
a water jet for cooling the chuck and lens, are 
operated by an additional foot -pedal. Forward 
pressure on this pedal controls the gas flame, 
and backward pressure controls the water sup- 
ply- 

The actual grinding of the lens is done in 
the low position of the spindle with a 4-inch, 
high-speed, metal-bonded diamond-cup wheel 
mounted in a horizontal position with its axis 
slightly forward of the plane of the surface of 
the chuck and with the center of the cutting 
surface directly under the axis of the spindle. 
Thus the grinding action is accomplished by 
the motion of the diamond particles on the 
wheel moving across the edge of the lens in a 
horizontal path as opposed to the standard 
method of cutting in a vertical plane. Since 
this prevents any uneven wear on the wheel 
from affecting the accuracy of the grinding, 
it is not necessary for either the lens or grind- 
ing wheel to oscillate. The diamond wheel is 
mounted on a carriage that is pivoted on an 
axis parallel tö that of the spindles. When the 
grinding has been completed, the, carriage is 
lowered away from contact with the lens, by 

O Figure 1316;—Singlerspindle Machine for Centering* Edging, and 
Beveling Large Lenses. 

"     )    " 

Spencer Lens Company 
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öperating the control lever.. "Ehe turret is then 
indexed to bring another lens into position, 
and the carriage is raised again for grinding. 
The carriage is pushed upwards by a pressure 
spring, controlled by a dash-pot mechanism, 
and its travel is limited by adjustable stops, 
one oh each of the four spindles, which «ire set 
individually to correspond to the finished diam- 
eter of the lens being ground. An indicator 
shows whether the carriage is 'feeding up' or 
whether it has come to ä full stop because the 
grinding on the lens has been completed. 

The back spindle position is used to bevel 
the lens on the side on which it is mounted. 

A small motor with a metal-bonded beveling 
wheel is mounted on the carriage that carries 
the edging wheel, and as the latter moves up 
during the grinding operation, the beveling 
wheel bevels the edge of the lens on the spindle 
In the back position. 

Spencer Lens Company 

American Cystoscope Makers, Inc., manu- 
facture a heavy duty machine, designed by 
Naval Gun Factory, that is used by Spencer 
Lens Company to center, edge, and bevel large 
ieiises..   It is illustrated in Figure 1316. 

V 
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CHAPTER 14 

SMALL ABBE PRISMS 

O 

Pressing Surfaces. 

First Side (Rough Grind). 

Second Side (Rough Grind). 

End 45° Faces (Rough Grind). 

- Hypotenuse.   

Transferring to 90° V-blocks. 
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Rough Grinding. 

Fine Grinding and Polishing, 
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Prism Surfaces! 
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Sawing Pressings into Prism Blanks. 

Mounting in Pin Fixture. 

Rough Grinding Side. 

Fine Grinding and Polishing Diagonal 45° Face, 

 :Rn^L4ß°A.17-flß».^Mh»,äxi''nH.^i.'n<1.-Jßn1iiaTi^  

trage JSO. 

1402 

1402 

1402 

1402 

1407 

1407 

1407 

1407 

1407 

14Ö7 

1408 

1408 

1408 

1409 

1409 

M09 

1409 

1409 

1409 

1410 

1410 

~.:T '^IM»'^¥.^^ 



1402 

For the manufacture of small abbe prisms, 
Minneapolis ^ Honeywell Regulator Company 
has developed a procedure that permits the use 
of operators who are not highly skilled in the 
tpp-hTiiciues of processing fiat surfaces. The prc^ 
cedure makes use of special precision-ground 
fixtures to reduce the difficulty of obtaining the 
desired accuracy of angles and dimensions in 
the finished element. While the special fixtures 
reduce the amount of difficult, precision gaging 
that would otherwise be required, they must 
be used with cafe and they must be clean. The 
presence of dirt, burrs, or particles öf rüst or 
abrasive will affect their performance very 
seriously. Moreover, the fixtures must be made 
of a material which will permit them to with- 
stand repeated heating and quenching without 
appreciable corrosion, warpage^ pr growth. 
While fine gray cast iron can be used} 'meeha- 
nite E—15' has given better results and is some- 
what denser and more machinable. In general, 
the fixtures are held to closer tolerances than 
are the prisms, some fixture tolerances being 
only one-tenth as great as the corresponding 
tolerances for the prisms. It is good practice 
to check the accuracy of the fixtures from time 
to time to, verify that their angles and dimen- 
sions are within the desired tolerances. 

The general procedure used to manufacture 
the prisin is outlined briefly in this chapter. 
As the rough grinding is done on automatic 
machinery as> described in Chapter 5, Rough 
Grinding Prisms with Automatic Machinery, 
and the fine grinding and polishing follows the 
procedures outlined in Chapter 11, Fine Grind- 
ing and Polishing' Flatwork, these operations 
are hot, discussed in detail- It is assumed in 
this chapter that the glass is furnished in the 
form: ofLpre^singSi al shown in Figure 140}.. 
However, if only slab glass, was available, it 
would be sawed into the proper shape and then 
processed in the same manner as for pressings. 

PRESSING SURFACES 

First Side (Rough Grind). -^ After a pre- 
liminary hand grinding to remove any gross« 
surface irregularities, the pressings are 
mounted oft ä blocking plate for grinding the 
first side,   (see Figure 1402 and Chapter 9, 

bäKi>- 

Minneapolis^-Honeywell Regulator Company 

Figure 1401.—Pressing for Making a Pair of Small 
Abbe Prisms. 

Blocking Flatwork). The first side is rough 
ground as described in Chapter 5, Rough 
Grinding Prisms With Automatic Machinery. 

Second Side (Rough Grind).—The press- 
ings are transferred to a second flat-blocking 
plate (see Figure 14QS, and Chapter 9 under 
"Transferring Glass Plates") and rough ground 
oh the second side. 

End 45° Faces (Rough Grind).-^A group 
of eleven pressings is waxed on a special 45°- 
angle fixture, see Figure 1404(a), which is 
equipped with two end plates. One of these 
end plates is attached to the fixture perma- 
nently and is ground to make an angle of 90° 
with the surfaces of the fixture; with tolerance 
of ±: % minute. The other end plate is re- 
movable, Carries two pressure screws, and has 
openings to permit the 'indicator point' and the 
fixed pin* both of the gaging fixture^ described 
later, to pass through it freely. 

The 45°-angle fixture and the group of 
pressings is heated sufficiently to melt wax. 
The fixture is placed temporarily in a 90° V- 
blöck (see Figure 1405). The group of pressr 
ings is then mounted, using a thin layer of wax 
under the pressings and between thenis Next 
the 45°-ahgle fixture is placed on a special 90°- 
angle gaging fixture, the gage of which has 
been set to read zero when the end of the in- 
dicator point is vertically over the end of the 
fixed pin (see Figure 1406) *. After being placed 
on the gaging fixture, the 45 "-angle fixture is 
slid along the gaging fixture until the pins of 
the latter pass through the temporary end 
plate of the 45 Wangle fixture. After this, the 
screws in the temporary end plate are adjusted 
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Figure 1402.-^-Arrangement öf Pressings Mounted on ä Blocking Plate,for 
Grinding One Side. 
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Minneapölis-Hbheyweil RegulatorCompany 

Figure 14Ö3;^3kähsferring. 
Heating to remove the first-siäe blocking piate. 
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so that the pressings are in firm contact with 
each other and with the permanent end plate. 
Next the 45°-angle fixtüre$ with the pressings, 
is slid further along the gaging fixture until 
the end of the fixed pin touches the* side of the 
end pressing. This contact of the fixed pin is 
maintained while the screws are adjusted fur- 
ther until the gage reads zero. This reading 
then indicates that the sides of all of the press- 
ings are para!!©] tö each other aiid to 'the per- 
manent end plate, that there is ä uniformly 
thick layer öf wax between each pair, and that 
the sides of the pressings-that have been rough 
ground are perpendicular to the hypotenuse of 
the 45°- angle fixture; 

Alter the pressings have been mounted 
properly, the 45 "-angle fixture with the press- 
ings is removed from the gaging fixture arid 
allowed to cool. When the wax has set, the 
temporary end plate is removed and the loaded 

fixture is ready for further processing. It 
should be noted here, that any inaccuracy in 
mounting the pressings on the 45 "-angle fixture 
will affect the accuracy of the 90° angle be- 
tween the sides and hypotenuse of the finished 
prisms. 

To rough ,grind pile end 45 p face, a group 
of 45°-angle fixtures, loaded with pressings, is 
bolted on a blocking plate in ah arrangement 
similar to that shown in Figure 1404fb|; In 
mounting these fixtures, care must be taken to 
clean all contacting surfaces thoroughly, ber 
cause auy dirt, burrs, rust or wax between the 
fixtures and the blocking, plate will affect the 
accuracy of the ground surfaces. : As ä further 
precaution, the blocking plate is first given a 
thin coat of light machine oil, to protect the 
surfaces and improve the quality of the contact 
between the .fixtures and the plate; When one 
end 45° face has been ground* the 45°*angle 

u 
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PERMANENT END PLATE 

(a) 45°-angle Fixture with. 
Temporary End Plate ßemoveä 

45^ANGLE RXTÜRES 

BLOCKING PLATE 

(b)  Fixtures Mounted on Blocking 
Plate. 

Minneapolis-rHoneyjv'ell Regulator Company 

Figure i404.-^45° Tangle Fixtures. 
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90 V-BLÖGK 

Minneapolis^Honeywell Regulator Company 

Figure 1405.^-Mpuhting Pressings ön 45°-angle Fixture. 

INDICATOR POINT, 
FIXEO PSN 

Minneäpolis^H'eneywett Regulator Company 

Figure 1406.—Gaging Fixture for Establishing Parallelism of Pressings. 
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fixture is then bolted oh its second side and the 
other end 45° face is ground. The rough grinds 
ing procedure is äs described in Chapter 5. 

Hypotenuse. Transferring to 90° VMocks, 
—This is done in a manner similar to that 
described in Chapter 6 for transferring glass 
plates. In this case, a 90° V-block (see Fig- 
ure 1407) is warmed and given a coat of wax. 
Then the 45°-angle fixture is inverted and the 
pressings pressed into the >Abloek carefully 
aiid firmly, taking care that the pressings are 
seated in the 90? V-block squarely and evenly, 
with the permanent end plate of the 45 Wangle 
fixture at the open end of the 90° V-block. 
Then the combination is placed in a tray or 
bath of water as shown in Figure 1408, taking 
care that no water touches the pressings, and 
the 45 "rangle fixture is heated with a bunsen 
burner. When it has been heated sufficiently 
tö soften the wax, the 45 "-angle fixture is slid 
sideways off the pressings slowly, carefully, 
and as straight as possible, so that the pressings 
will not be twisted or turned in their mounting 
oh the 90° V-block, and taking care that the 

pressings are 'pushed' by the permanent end 
plate of the 45° fixture against the permanent 
end plate of the 90 ° V-block. 

Mounting the 90° V-blocks.— Ä group of 
90° Vrblocks with the pressings mounted on 
them are bolted to a flat blocking plate in a 
symmetrical arrangement, taking the same pre- 
cautions as to cleanliness of surfaces äs were 
followed when the 45'-angle fixtures were 
mounted on ä blocking plate for grinding. 

Rough Grinding.—-The hypotenuse of the 
pressing is rough ground' <äs in Chapter 5) 
until the length of the pressing is correct for 
making two prisms, with the proper allowance 
for the diagonal saw cut that is made later. 
A method for calculating this allowance is il- 
lustrated in Figure 405. 

Fine Grinding and Polishing.-rr-The proce- 
dure for these operations is described in, Chap- 
ter 11, Fine Grinding and Polishing Flatwork. 

Top—^The pressings are transferred from 
the 90° V-block to a blocking plate, using again 
the technique described in Chapter 9 under 

i 

Minneapolis-Honeywell Regulator Company 

Figure 140'7J.-^-90o V-block for Exposing Hypotenuse Faces.  . 
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Minneapolis—Honeywell Regulator Company 

Figure 1408—Transferring irom 45"-angle Fixture tö 90° Vjblock. 

''Transferring.Glass Plates." Because a pol- 
ished surface is being placed in contact with 
the blocking plate, it is customary to include 
a sheet of paper in the layer of wax that is 
applied to the blocking plate which is to re- 
ceive the pressings. Also, it is necessary to 
use care in sliding the 90° V-blOck off the 
stacks, of ^ressin^s (;see Figure 1-4Q8;).- so that 
they will, not be twisted out of alignment. 
When the pressings Tiave been mounted, the 
top is rough jgröimd, using the procedures de- 
scribed in Chapter 5. 

First Side (Fine Grind and Polish). Cor- 
recting One Side.—One side is corrected by 
hand until it makes ä 90° angle with the 
hypotenuse. The angle that each side makes 
with the hypotenuse should be checked and the 
larger of the two corrected.   The accuracy of 

these two 90° angles depends largely oil the 
care that was used in mounting the pressings 
on the 45°^angle fixture described previously, 
and hence the importance of using, great care 
in this earlier operation cannot be over-emphar 
sized; After one of the two angles has been 
corrected within a tolerance of ±. 1 minute of 
are. the side adjacent to this; än^le is ^narked 
for use in the next blocking operation. 

Mounting i-^-Ths pressings are mounted on 
ä blocking plate* with the corrected side, as 
marked, against the plate, and arranged iri 
concentric circles on the plate (Figure 1402), 
with the hypotenuse and top alternately tan-, 
gent to the circles. This method both gives 
the required symmetry of arrangement and 
provides for .placing the maximum number of 
pressings on the plate.      The pressings are 

*   I 
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Figure 3.409.—Transferring from 90° V-blocks to a Blocking Plate. 

mounted on the blocking plate as described in 
chapter 9, Blocking Flatwork. 

Fine Grinding and Polishing.-.—In fine 
grinding and polishing the first side, it is 
necessary to- take care that the final surface 
is parallel to the surface of the blocking plate; 
This assures that the two sides of the pressing 
wiil be parallel, and that each will make ä 90° 
angle with the hypotenuse within the error of 
the hand correction just made. The actual fine 
grinding, polishing, and gaging is done as de- 
scribed in Chapter 1% Fine Grinding and Pol- 
ishing Flatwork. A special gage, using a dial 
indicator, that will'measure the 90° angle,, is 
discussed in Chapter 24 under "Fixtures In- 
cluding Dial Gages," 

Second Side (Fine Grind and Polish).— 
Next, the blanks are transferred to another 
blocking plate, again using the methods de^ 
scribed in chapter y under "Transferring Glass 
Plates," and the second side is fine ground and 
polished., 

PRISM SURFACES 
Diagonal 45° Face and Side.. Sawing Press- 

ings into Prism Blanks.-^The pressing is cut 
diagonally into two prism blanks oh ä commer- 
cial glass-sawing machine* using an abrasive 
cutting wheel as described in Chapter 3, Glass 
Gutting.   The diagonal dash lines across the 

top of the pressing, shown in Figure 1401 indi- 
cate where it is cut into two prism blanks. 
This cut can be made in either of two direc- 
tions and thus make either 'right-hand' prisms* 
äs showti in Figure 1401, or 'left-hand' prisms, 
as shown in Figure 105. A 'porro prism sys- 
tem' (see Figure 1Ö6.) can be made from two 
left-hand abbe prisms or from two right-hand 
prisms, but cannot be made from one of each. 
The pressing is held in a fixture (see Figure 
1410), positioned so that the cut is made along 
the proper line to form two prism blanks of the 
correct size. It is not necessary to wax the 
pressing to the fixture when making this cut. 
To reduce the tendency of the saw to chip the 
edges of the glass, the polished faces are shel^- 
lacked and the edges are beveled before start- 
ing the sawing operation. As explained in 
Chapter 3, a cut is made less than the thickness 
of the prism, and the final break is made 
by hand, as a precaution to reduce chipping. 
However, in the case of this small prism the 
cut is made to 0.030 inch less than the thicks 
ness of the pressing, instead of the %• Wch Ms 
as described in Chapter 3, 

Mounting in Pin Fixture, -r— The prism 
blanks are mounted on a pin fixture för fine 
grinding and polishing the cut prism face;. The 
purpose of this pin fixture (see Figure 1411) 
is to provide a convenient method for holding 

-.—7-*-*- 
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Minneapolis-Honeywell Regulator Company 

Figure 1410.—Sawing a Pressing into Prism Blanks. 
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ä group of prism blanks for grinding and pol- 
ishing either end 45° face and for bringing the 
blanks to correct overall length. The pins are 
used for positioning or 'landing' the prism 
blanks, in. the desired position, and not for 
holding the blanks on the fixture; the latter is 
done with wax in the conventional manner. 
To insure that the blanks are landed tightly 
against the pins1, the pin fixture while still 
warm arid before the wax Oh it has hardened, 
is placed; in a locating fixture (see Figure 1412). 
This "locating fixture uses- spring-actuated 
plungers to force the prism blanks against the 
pins with a pressure of about two pounds on 
each. The pin fixture itself is similar to the 
45 Wangle fixture used for rough grinding the 
pressings and, is made with the same accuracy 
and tolerance^ and is used in the same way, 
i.e., by bolting it to a blocking plate. (See Fig- 
ure 1413.)    A special gage, using ä dial indi- 

cator, that will measure the length is described 
in Ghapter 24 under "Fixtures for Mounting 
Dial Gages." 

Rough Gmn&ing Side.-^-Pfior to sawing the 
pressing, both sides were polished. These two 
polished sides produced;, through the sawing 
operation, a polished side face and a polished 
triangular side on each of the mating prisms 
blanks which constituted: the pressing. The pol- 
ishing of :the triangular side hence was a maiiiH 
factoring convenience, but this side should hot 
remain polished. It is now, therefore, ground 
by hand on a finishing mill. 

Fine Grinding and Polishing Diagonal Jf5° 
Facfj.-WThe diagonal 459 face is ground lightly 
by hand oft a standard hüll to remove any 
burrs. Then the loaded pin fixture is bolted to 
a blocking plate, äs shown in Figure 1413» and 
the diagonal 45° face is fine ground and pol- 
ished as described in (Dhapter 11. 
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(a)  Pin Fixture 

PIN FIXTURE 

90° V- 
BLOCK 

(b)  Positioning Prism Blanks by Hand 
Minneapolis-Honeywell Regulator Company 

Figure-1411 .--Pin Fixtures Used While Fine Grinding and Polishing, Diagonal and End 45°  F^ces. 

HrV -\-\-K .. j^srsgimss 



V 

(a)  Spring-loaded Locating Fixture 

-s 

,(b) Prism BlaiiRs Held in Position on a Pin 
Fixture *>y Uniform Spring Pressure 

Minneapolis-Honeywell Regulator Company, 

Figure 1412.—Locating Fixture. 
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Minneapolis-rHoneywell Regulator Company 

Figure 14i3;—Pin Fixture Mounted on ä Blocking 
Plate. 

End 45° Faee (Fine Grind a*id Polish).— 
When the diagonal 45° face has "beeil fine 
ground and polished, the blanks are removed 
from the pin fixture, reversed, and remounted 
on a cleaii pin fixture. 

This permits the end 45° faces to be fine 
ground and polished, which is also done as 
described in Chapter 11. After the polishing 
has been completed, all of the edges and cor- 
ners of each prism are beveled in the usual 
manner. A special gage, using a dial indicator, 
that will measure the 45° angle is described 
in Chapter 24 under "Fixtures Including Dial 
Gages." 
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As the conventional operations of grinding 
and polishing a roof-angle prism normally will 
not produce the required flatness of the various 
faces-combined with the proper accuracy of the 
angles between the faces, certain 'correcting' 
operations usually must be employed. This 
chapter describes the methods by which such 
corrections 'are made. 

While this chapter is devoted largely tö 
correcting processes as applied to an amici roof 
prism (see Figure 108), the methods described 
may also be applied to other types of roof 
prism, such as the leman prism (Figure 109), 
or the Brasheär-^Hastings prism (Figure 110). 

The method of manufacturing roof-angle 
prisms ät Frankford Arsenal involves three 
hand corrections during the processing from 
raw glass to finished prisms. These hand cor- 
rections are performed on the roof faces only. 

The first hand correction is done on a round, 
metal, rotating, tool about 8 inches in diameter 
and corrects the 60° angles which the roof 
faces make with the 90° faces. This step is a 
rough-grinding operation and is performed oh 
both roof faces. When this step has been com- 
pleted, the roof angle will be corrected to 90° 
üz 30 to 60 seconds. 

The second hand correction is a fine-gr hid- 
ing operation performed on the second i?6ugh- 
gröund roof face after the two 90° faces and 
the first rpof face have been fine ground and 
polished, and corrects the roof angle to 90° 
üz 15 to 30 seconds. This second hand correc- 
tion is done on a stationary, rectangular, metal 
tool v/ith a toric surface that is slightly convex 
(see Figure 1504). 

The third hand correction is necessary be- 
cause there is some unavoidable displacement 
of 'the 90a roof angle during the blocking,, fine 
grinding, and polishing of the second roof face 
after the second hand correction. The third 
hand correction, which is a hand-polishing cor- 
rection, is performed on the least flat of the 
two fine-ground and polished roöf faces, and 
is done on a pitch polishing tool. This step is 
intended to, obtain both ä flat surface of the 
roof face involved, and to result in a final ac- 
curacy of 90° in 2 seconds in the roöf angle. 

Other methods of manufacturing roof 
prisms differ oniy in the manner: of P£OQ*5ssing 

the roof angle. One of these is the 'optical 
contact' method, which requires extremely ac- 
curate plano-'parailel plates for blocking the 
prism. Although this method eliminates hand 
correction of the roöf angle, it is necessary tö 
hand correct the four 60° angles. A mechan- 
ical method for correcting the roof angle is 
described in the last part of this chapter. Al- 
though the actual polishing correction opera- 
tion is not eliminated in the mechanical method, 
it is performed on a machine with ä special 
fixture (gimbals blocking fixture) which simu- 
lates the motion of hand polishing. 

HAND CORRECTIONS 

When the fundamentals of hand-grinding 
correction are applied carefully, the operations 
are performed with relative ease. Although 
the following principles are stated simply and 
without emphasis, their importance must not 
be underestimated. 

The principles of hand-grinding correction 
concern only two things, i.e., the accuracy of 
the faces corrected and the accuracy of the 
angles corrected; Two of the several factors 
necessary tö the attainment of accurate faces 
and angles are, first, that the grinding tools 
used have correct surfaces and, second, that 
angles are gaged properly, i.e., with the correct 
angle gages and by correct use of these gages. 

It is of primary importance that the contour 
of the two grinding tools used for the first and 
second hand^grindihg corrections be correct. 

The contour of the rotating, metal tool used 
in the first hand-grinding correction should be 
slightly convex. The tool is gaged for evenness 
of convex curvature by jrocking' a straightedge 
centrally across its surface from edge to edge. 
Tf the .curvature is even, the amount of dar-fe^ 
ened area contacted will be the same at all 
places on the surface. Conversely, the curva- 
ture observed at each end; of the darkened area 
will be similar. If the curvature is found to 
be uneven* any necessary corrections may fee 
made by holding ä carborundum, stone oh the 
surface while the tool is rotated. 

The contour of the stationary, rectangular,, 
metal topi with the töi?ic surf ace^the tool used 
in the sgcond hähd-griMing correctiön-^shquld 
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also be slightly convex. To check evenness of 
curvature in "this tool it is necessary to grind 
a prism Hank with it and then check the re- 
sulting face. 

When making the first hand-grinding cor- 
rection oh the rotating tool, it is advisable to 
use one of the finer abrasives (FFF or #303), 
because these will remove the glass more slowly 
and enable the operator to control the correc- 
tion more accurately. When making the second 
hand correction on the tool with the toric sur- 
face, #1600 abrasive should be used. This abr 
rasive is used because it enables a test to be 
made on the Second flee with an optical flat. 
Such a test is necessary to assure a second roof 
face that is from 6 bands concave to plane 
before subsequent blocking, fine grinding, and 
polishing. 

The reason why the tools should be slightly 
convex is that the faces of blanks, when ground, 
should range from 6 bands concave to plane. 
Experience has shown that this variation is 
permissible in the faces without causing any 
detrimental effect upon the blocking, fine grind- 
ing, and polishing operations which follow both 

the first and second hand-grinding corrections. 
Absolutely no convexity is permissible in the 
hand^ground faces. In fact, any convexity of 
either sides or faces prevents ä correct reading 
when checking an angle with an angle gage. 
If the reference side is convex, the base of the 
gage will rock; if the face to be checked is con- 
vex, the bar or blade Of the gage will contact 
only the highest part. 

During the hand-correcting operations, the 
angles are checked with gages such as the spe- 
cial gages shown in Figure 1501. Although the 
accuracyj)btained by a correction depends upon 
several factors, one öf the most important is 
the precision of the gage itself. To test this> 
a light-tight reading is made against-a 'master' 
prism, holding the gage as illustrated in Fig- 
tire 1502. The accuracy of the test is also af- 
fected by the 'feel' that the operator obtains 
when the bar or blade of the gage is brought 
into contact with the blank. To obtain the 
proper feel, the bar or blade, the base of the 
gage* and also the surfaces of the blank must 
be clean. 

nBfrSE? 

Figure 1501.^-Gages for Checking Prism Blanks. 
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Drawing by Russell W. Porter 

Figure 1502.—Metliod of Holding Gage for Checking a Prism Angle. 

To -make &. test, the base of the gage is held 
with a light, firm pressure against the proper 
reference surface of the blank and slid down 
the reference surface until the gage bar or 
blade conies into contact with th£ face to be 
checked. The edge of the gage base is kept 
parallel to the edge of the blank at all times 
duriiig this, checking Operation, 

Angles, when gaged, are generally classified 
äs follows: 

If more than the gage: positive,, or plus. 
If less than the gage, negative,, ör minus. 
If the correct angle, up to gage. 
If   the. angle is negative, the surface is 

ground at thfe edge*nearest- the junction of .the. 
gage jbase and the bar (or blade), whereas, if 
the angle is -positive, grinding starts at the 
outer edge. 

Each time a 60° angle is gaged it is marked 
according to a system of pencil liftes,. illustrated 
in Figure i-503, to guide the operator in mak- 
ing the necessary corrections, The face to be 
ground is indicated by a cross (X) placed On 
an adjacent side. 

A short line at either end of the surface tö 
be ground indicates the more negative end, 

Figure 1503 (c), (d), (e), and (f). If two 
angles are positive to different degrees, cases 
(e) and (f), the less positive of the two is 
considered negative. During the actual hand 
grinding of the roof face, the prism is always 
drawn toward the operator with the more neg- 
ative end nearest to him. A study of Figure 
1503 will show that the pencil marks on the 
face to be ground are placed where extra abra- 
sion is required. 

The manner in which the prism blank is 
held is another extremely important factor in 
making accurate hand corrections. This is true 
of all three hand corrections—first and second 
hand-grinding corrections and the hand-polish- 
ing correction described later fft the chapter. 
Figure 1512 illustrates the finger positions 
which should be employed at all times. The 
thumb and either the fore or middle finger of 
the right hand are placed about halfway over 
the- 90° faces of the prism blank, while the 
same fingers Of the left hand are placed on the 
angle edges between the roof and the 90° faces. 
Thus the thumb and ä finger of each hand form 
a cradle about the blank arid must move as a 
unit at all times. c* 
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Rough Hand'-g-rindihg Correction (60° Angles) 

Roof Faces. —^ The first hand correction, 
which is a rough hand-grinding operation, is 
made on both roof faces after the blank is 
formed by rough grinding (see Chapter 4 Under 
"Amici Roof Prism-r^Correcting the Angles") 
and consists of correcting the four 60° angles. 
Both 60 and 90p gages are used and the opera- 
tion is performed oil a rotating, nietal tool^- 
approxiniately 8 inches in diameter-busing ei- 
ther FFF or #308 abrasive. 

In gaging a roof face, two readings are 
taken, one from each 90° face to the same 
roof face, Figure 1502 (b). It does not matter 
whether the gage base is placed on the 90 ° face 
or the roof face* but close attention is neces- 
sary when gaging. Errors must be identified 
correctly as.to type, or much trouble may ensue 
during correction. The five possible types of 
error are listed below in the order of decreas- 
ing frequency: 

Case 1,    6Q° angles at both ends of the 
roof face equally negative 

Case 2.   60° angles at both ends equally 
positive 

Case 3.   60° angle at one end more nega- 
tive than angle at the other end 

Case k.   60° angle at one end more posir 
tive than angle at the other end 

Case 5.   A 'twisted' roof edge 

Markings to identify various errors in the 
60° angles, as they occur in cases 1 through 4 
above, are illustrated in Figure 1503,. Case 5 
represents a combination of errors, and occurs 
when the angle that the roof face makes with 
the SO-faces reads positive when- measured 
from one 90° face, and negative when meas- 
ured from the Other 90° face, or vice versa. 
A 90° gage applied to the roof angle can also 
be used to determine a twisted rööf edge. When 
using ä 90° gäge, the roof angle will be nega^ 
tive at one end of the roof face and positive at 
the other end.    (See Figure 430.) 

During the grinding necessary for this cor- 
rection, the blank is placed anywhere from the 
center to about lVfc inches off the center of the 
rotating tool. It is then worked toward the 
outer edge of the tool because the oütgr portion 

of the tool grinds faster, due to its greater 
speed as compared to the speed at the center. 
When it is desired to remove the blank from 
the grinding tool to gage the angle, it is 'sur^ 
faced' by rubbing it around the outer edge of 
the tool and then passing it over the center, in 
order to obtain a surface that will give a cor- 
rect indication with the gage. Next, to prevent 
any beveling, the blank is removed from the 
tool with a quick upward lift of the wrists, and 
without any twisting. After this it is wiped 
clean and is ready for gaging. It is advisable 
to take only a few rubs between readings be^ 
cause the angle should be checked frequently in 
order to prevent overcorrection, i.e., changing a 
negative angle into a positive one* or vice versa. 

When grinding, if the 60° angle is negative, 
pressure is applied on the near end of the blank 
at the 135° edge of the roof face being ground. 
Conversely, if the angle is positive, pressure is 
applied on the opposite end at the roof edge. 
If the error is hot uniform (see eases 3, 4, and 
5, above), the first step is to convert it to an 
error (case 1 or 2)i( equal for both ends of the 
roof face, as a uniform error is easier to cor- 
rect. 

To illustrate the entire correcting method 
when starting with a non-uniform error, as- 
sume that one. end is 8 minutes negative and 
the other end 4 minutes negative. By using 
the rotating tool and applying pressure at the 
proper locations as indicated above, the error 
may be modified so that both ends are 6 min- 
utes negative. After making the error equal 
for the two ends of the blank, the blank is re- 
turned to the rotating tool and a slight amount 
of pressure is exerted on it by the index and 
.middleJfingers,. hi.this case toward the lower 
135° edge as the angle is negative. This öpeW 
ation is continued until the angle is corrected 
satisfactorily. During the correction of an 
angle, the type of error may change with each 
attempted correction. In each case, as the type 
of error changes, the appropriate pencil lines 
are made and the procedure modified accords 
ingly. As the angle approaches the desired 
value, the final correction is completed by stop-; 
ping rotation of the tool and working oh it 
while it is stationary. 
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After all four 60° angles are corrected, tiie 
90° angle formed by the two roof faces is cor- 
rect—theoretically. But usually, due to inac- 
curacy of the 60° gage, the roof angle will have 
a. slight error. Since the roof angle is more 
important than the other angles, it is necessary 
to make ß. light-tight correction on this angle* 
Figure 1502 (a). (At this stage both roof faces 
are in a rough-ground condition. Bue to this 
fact, accuracy of 80° ± 30 to 60 seconds in the 
roof angle is satisfactory, since the roughness 
of the faces prevents angle-gage readings of 
final accuracy.) Correction of the roof causes 
a slight error in one or more of the 60° angles. 
To prevent excessive error dn any single angle, 
it is the practice to distribute this new error in 
as equal fractions as possible, to all four 60° 
angles. When all angles have been corrected, 
the edge formed by the two roof faces must be 
sharp and free of chips. 

Both 90° Faces and First Roof Face (Fine 
Grind and Polish) .^-The 90° faces and One 
roof face are now fine ground and polished as 
described in Chapter 11, blocking in each case 
being done by the 'cold method' (see Chapter 9). 
The blanks are then ready for the second hand 
correction which is applied to the still rough- 
groühd second roof face. 

Fine Hand-grinding- Correction 
(90° Roof Angles-First Correction) 

The second hand correction, which is a fine 
hand-grinding operation, is performed on the 
second roof face and has two objectives: first, 
to establish a roof angle that, when tested with 
a 90° precision angle gage on the fine-ground 
roof face, gives a light-tight reading that 
should not deviate more than ± 15 to 30 sec- 

- .jvri/TaA .on/3—aan/\r\A-  4:/*  v£iAitn£i.Aiirta. n<ti\i\f "£.Qf*a- fan. Q. - 

fiat with a maximum variation of 6 bands con- 
cave to plane. 

In order to accomplish these objectives, a 
reading is first taken with a ,90° precision angle 
gage; The method of using this gage is similar, 
to that already described, but an additional 
precaution is necessary because the Made of 
the gage is placed in contact with the polished 
first roof face. The following procedure should 
be complied! with. 

The base of the gage is placed on the uhpok 
ished roof face and £lid down the surface until 
the bladö makes a light contact with the pol- 
ished face. The polished face will be scratched 
if the blade of the gage is moved sideways after 
contact has been made. Accordingly, a reading 
should be taken in this position and then the 
gage should be removed by first lifting the 
blade upward: without sidewise motion. 

In the subsequent fine grinding, #1(100 abr 
rasive is used on ä stationary, rectangular, 
metal tool. Use of this abrasive pennits the 
resultant surface to be tested with an optical 
fiat. The grinding tool has a Convex boric sur- 
face with major and minor radii of 450 and 
250 inches respectively; Consequently, this tool 
produces a complementary concave toric sur- 
face Oil the blank. 

Second Roof Face.—-After the roof angle 
has been tested with the angle gage, the abra- 
sive mixture is spread oh the tool and the blank 
is placed oh the lower left corner of the tool 
and rubbed back and forth over the entire 
length of the tool, taking care that the blank 
is held properly and that proper pressure is 
exerted. (See Figure 1504.) After the blank 
has been rubbed a few times, it is cleaned and 
dried and the angle is checked with the angle 
gage. Next the surface is tested with an optical 
flat (for a. discussion on the use of an optical 
flat see Chapter 22) and should not be more 
than 6 bands concave (see Figure 1505). The 
finergrihding operation should be repeated until 
both the desired flatness of surface and accu- 
racy of the roof angle are obtained. If the face 
deviates from this standard, the blocking oper- 
ation which follows will be inaccurate and 
usually will cause a displacement of the rööf 
angle. Ä check of the ground face of the blank 
furnishes a check oh the contour of the grind- 
ing tpoL If the ground face deviates from the 
prescribed slight concavity, the grinding tool 
should be corrected. 

In the correction of a roof angle, it is com- 
paratively easy for a skilled operator to obtain 
either an accurate angle or a good surface. 
The difficulty is to obtain accuracy of both 
surface and angle simultaneously. 

..-(  
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Figure 1504.—Path Followed when Fine Grinding 
Second Rbof Face of an Amici Prism Blank by Hand. 

Fine Grind and Polish. —* After the blank 
has been corrected, it is ready for fine grinding 
and polishing of the second roof face. 

A polished first roof face of each of two 
blanks is cleaned with alcohol and dusted with 
ä camei's-hair brush. Then the two fine-ground 
second roof faces are placed on an optical flat, 
and the two polished faces are brought together 
very slowly. When contact is made,, the faces 
are pressed together firmly, taking, care not to 
move-the prisms from their position on the flat. 
If the color bands visible between the first roof 

faces are wide, the contact between these faces 
is good, but if the bands are narrow and cjose 
together, the blanks must be taken apart, 
cleaned, dusted, and the operation repeated 
until good optical contact is obtained. 

A blocking plate is placed on an electric 
heating plate, and a thin layer of 'ceresiri' wax 
is melted over the surface of the plate. Then 
each pair of contacted prisms is placed on the 
blocking plate and seated firmly, taking care 
that they are arranged symmetrically (see Fig- 
ure 902) . All exposed surfaces are painted with 
a protective coat (Figure 9Ö1). The blanks are 
plaster blocked äs described in Chapter 9, and 
then the second roof faces are fine ground and 
polished as described in Chapter il. When 
the prisms are removed from the block and 
cleaned* they are ready for the third hand, cor- 
rection which is a handrpolishing correction. 

Hand-polishing Correction 
(90° Roof Angle—Final Correction) 

Inspecting*—The prisms are given a per- 
formance test by using them with a 25-power 
transit telescope (Figure 1506), to view a tar- 
get placed §5 feet away and set at right angles 
tö the telescope (Figure 1507). As an aid in 
determining the angle error, %-ihch circles 
spaced IV2 inches, apart may be placed on the 
diagonal lines of the target (Figure 1508). 
The diameter of a ^-inch circle, at a distance 
of 35 feet from the target, subtends an angle 

h 

i 

OPTICAL FLAT THREE SINGS 
(RINGS. WLt. MOVE TOWARD CENTER, 
IF SURFACE IS CONCAVE, AMD AWAY 
FROM CENTER !F CÖNVEX1 

Figure 1505.—Roof Face Being Tested and Showing Three Rings. 
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Figure 1506.—Transit telescope (25-power.) for Final Inspection of Roof-angle Prisms. 
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of 2 minutes. If the distance between the tar- 
get and telescope is other than 35 feet, the size 
of the 1/4-inch circles of the target must be 
changed to a size computed in accordance with 
the following formula: 

d = 0.00059 x s inches (11) 
where     d = diameter of the circles, in inches 

s = distance from telescope to target, 
in inches 

This formula is derived iron! the relationship: 

4 =± tan 2' = 0.00059 s 
By proper sustitutipn, the requisite size 

.circle can be determined for any target dis- 
tance. The National Bureau of Standards has 
designed a chart for lens resolution (see Fig- 
ure 1509) which may be used in conjunction 
with the target mentioned above. The chart 
consists of accurately ruled horizontal and ver- 
tical lines of various widths, the finest lines 
being spaced fifty-six per inch. Since this finest 
-spacing is close to the theoretical resolving 
power of the smallest amici prism manufac^ 
tured for military use, this chart is of material 
assistance in determining the resolving, power 
of the prism (see Chapter 24). 

Adjusting the Telescope to the Target.-r— 
The telescope is swung in direct line with the 
target and the eyepiece is focused sharpiy on 
both the crosshairs (reticle) and on the target, 
Then the telescope is turned back tP its inspect 
tipn positron at right angles to the target. The 
prism to be inspected is placed oh the telescope 
platform and turned until the target is brought 
intp the field of view. 

Interpreting the Target^With the eyepiece 
reticle in focus, a prism with the correct roof 
angle will produce a single image of the target. 
However, if there is an error in the roof angle, 
the horizontal and the diagonal lines, as well as 
the circles, will appear doubled. If the error is 
2 minutes* the doubled images of the 14-inch 
circles will be tangent to each other (see Fig- 
ure 1510=)= If the error is 1 minute, the circles 
will overlap each other to one half of their 
diameter, i.e., the circumference of one image 
will pass through the center of the other. For 
other errors, the circles of the two images will 
overlap more or less in proportion to the angle 
error. Tö determine whether the error is neg- 
ative or positive, the eyepiece of the telescope is 
racked inward.   If the doubled lines and circles 

^p 

*% 

PRISM 

TARSET 

TELESCOPE 

Figure   1507,-^Plän  View  of  25-power  Transit  Telescope  Prism*  and  Target for 
Final Inspection of Koof-angle Prisms. 
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Figure 1508.—Target Used with. 25rpower Transit Telescope for Final Inspection 
of Roof-angle Prisms. 
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move toward their counterparts, the angle is 
less than 90° or negative; If the doubled lines 
and circles move further apart, the angle is 
more than 90° or positive. The reason for this 
phenomenon is, that if the angle is not exact, 
two converging images are produced by the 
prism, the convergence being back of the. focal 
plane of the telescope when the error is posi- 
tive;, and in front of it when the error is neg- 
ative. 

When the two roof faces are polished to 
within 1/4 wave length, the horizontal, vertical, 
and diagonal lines of the targets will be equally 
sharp, provided that the 90° faces are polished 
to within !/2 wave length. 

If the roof-angle error is over 2 minutes, 
either positive or negative, the second roof face 
must have another fine handrgrindiiig correc- 
tion,, together with the subsequent plaster 
blocking, and polishing described earlier. If, 
however, the roof angle is accurate within 2 

^11 

s 11 

1 

NATIONAL BUREAUiOF STANDARDS 
TEST CHART    |      :25>X. 

National Bureau of Standards 

Figure 15Q9.r^Ghärt for Testing Lens Resolution. 
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Figure 1510.^-Appearä.nce ,of Target .as Seen Through 
an Amici Prism Having an Error of 2 Minutes 

in the Eoof Angle. 

minutes (but not within finished tolerances), 
the prism is ready for the final haiidTpolishing 
correction. 

Preparing the Polishing TooZ.—Due to the 
fact, that the roof faces must have proper flat* 
ness so äs to produce ,a sharp definition, the 
polishing tool must be prepared properly, for 
even, with proper technique, the desired flatness 
cannot be achieved without the correct tool 
surface. Proper flatness of the tool surface is 
obtained by using the tool to pplish a 'dummy' 
block which is mounted on ä mächine of the 

- A-AT.no.. -•il'lijef-'KQ+.orl. .i.Tii-JP.io'.ii-KA. l.RM: This. t.V-bß-:Of. 

machine usually has a spindle speed of 12 to 
15 rpm, and ah oscillatiiig-arm motion of about 
eight complete passes, per mitiute across the 
vertical spindle. 

In order to prepare the dummy block which 
is used to process the polishing tool, a 6-inch 
metal foiöcking plate is heated and an adhesive 
is melted over the surface, after Which several 
circular glass plates are mounted on it. A plane 
surface is then ground on this dummy block 

with #1600 abrasive in a manner similar to 
that described in Chapter 11, Fine Grinding 
and Polishing Flatwörh. 

Next, ä pitch polishing mixture of 'bur- 
gundy' and white rosin is poured on a 6-ineh 
metel polishing plate in the same manner as 
described in Chapter 11. Although the exact 
proportions of the mixture depend oh the tech- 
nique of the individual operator, they may vary 
from a straight burgundy to three parts bui> 
gundy and one part rosin. The polishing tool 
is then placed on the spindle of the machine 
and is used to polish the dummy block. During 
the polishing of the block,, a %64nch hole is 
made In the center of the tool and the surf ace 
is scratched, or waffled, in ä crisscross manner 
as shown in Figure 1512. Additional scoring 
may be used on the tool to aid the processing 
of its surface}, but the crisscross is the basic 
mark necessary to the subsequent hand-polish- 
ing correction of the prism. 

Because the reading obtained from the 
dummy block surface is Used as a means of 
gaging the polishing tool surface, the block is 
tested frequently with an optical flat. The same 
technique that is used to polish a block of con- 
cave khses äs described in Chapter 12: is used 
to polish the dummy block. When the dummy 
block is flat to a test glass, it is assumed that 
the polishing tool is flat also. Although a flat 
polishing tool is considered ideal, ä slight, con-^ 
vexity of the tool surface is permissible. 

_ 'L.eaätJF.Isi: Roof /FäfA^Aöex .the Polishing, 
tool has been prepared, both roof faces of a 
prism are color-tested and the least fiat face is 
identified by ä cross mark (X). on the adjacent 
side, The prism is then placed oh the telescope 
platform and tested,, to determine the amount 
oi error iii the 90° angle and whether positive 
or negative. 

For the hand-polishing correction the pol- 
ishing tool must be stationary; A small amount 
of rough mixture is applied to the prepared pol- 
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Figure 151<l.^-Pplishing Machine for Preparation of Pitch Polishing Tool. 

ishing tool and the roof face identified as the 
least flat is placed on the stationary polishing 
tool, in such a position that the hand-polishing 
action is from the left side öf the tool across 
the entire diameter as indicated by the double 
arrow and inset in Figure 1512. -During the 
polishing of any correction* the roof edge is 
always the trailing edge. 

Because no other single operation requires 
more deftness than the hand-pölishing correcr 
tion, much practice and close attention to detail- 
are necessary to become proficient. Of all the 
details, the most important is that of th§ finger 
positions shown in Figure 1512, and described 
earlier in the chapter. 

During the hand-pölishiiig correction, it will 
be found that a greater lean of the left hand 
will produce a plus effect and thus; correct a 
UCgai/I V C      -Ci'X'VJt*       I'll l/ll^       CVÄl^AC^        TY'llKAV     '<*       g-JL-'OC*W/X- 

lean of the right hand will produce a minus 
effect and thus correct a positive error in the 
angle. 

After a few attempts at making the hand- 
pölishing correction, the many factors which 
contribute, to the uncertainty of the operation 
become apparent. Variations of temperature 
which affect the plasticity of the pitch polishr 
ing tool are the most distressing, although the 
effects may be reduced by the use of automatic 
thermostatic controls.   ISach change, whether 
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Drawing by jRitssell W. Porter 

Figure 1512.^Ströke and Finger Positions for Hand Correction of the Röof Angle 
of an Amici Pri^m Blank. 

due to climate or to the temperament of the 
operator, influences the surface obtained. The 
surface conditions which may arise during the 
correcting operation, and ths corrections which 
should be made^ aret outlined iii detail in Fig- 
ur^ loxS. This cnärt is very Irelpfüi to many 
operators. 

Upon the completion öf the hahd-ppjishing 
correction, the prism is laid aside uiitii it be- 
comes adj usted to room temperature. It is then 
tested and,, if necessary, is corrected further. 
Care should be taken to handle the prism as 
little as possible because any handling will 
transfer body heat to the prisni, cause the 
surfaces to expand unevenly and thuä give an 

incorrect reading when tested. After the prisni 
has been corrected to within tolerance, all 
ground faces are painted black, and the pol- 
ished faces are cleaned with alcohol or am- 

ämici prism are: 

Roof angle 

90° base angle 

45 ° angles 

Roof faces 

90° faces 

± 2 seconds 

± 4 minutes 

± 2 minutes 

% wave length, convex or 
concave 

1/2 wave length, convex or 
concave 

~% •1- - 
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CHART SHOWING EIGHT UNDESIRABLE SURFACES OF A ROOF 
FACE* THE CAUSES AND NECESSARY CORRECTIONS 

Optical Flat oh Roof 
Face of Prism 

1. 

1. 

3. 

4P 

1. This chart is designed to 
interpret trie nine most common 
types of surface possibilities en- 
countered in the manufacture 
of prisms used in Fire Control 
Instruments. The one illus- 
trated at the right i& the ac- 
ceptable type to which the other 
eight must be correpted by hand 
polishing in order to insure good 
definitions It is assumed that 
the tool used for hand polishing 
is flat in all cases. Defects and 
corrections are classified by ref- 
erence to a normal stroke. 

Fringe 
System 
Centered 

Fringe 
System 
Decentered 

Sections 

AccEPTÄBLE^-because fringes are within 
% wave length of flatness 

2. 'Fringe System Centered' means optical flat is in complete contact with surface being tested. 
3. 'Fringe System Decentered' means optical flat is slightly tilted in order to determine fringe contour. 

Defects 

Fringe System 
Centered 

FringeSystem 
Decentered 

Sections 

Interpretation 

Fringe System 
Centered 

Fringe System 
Decentered 

Sections 

Interpretation 

Fringe System 
Centered 

Fringe System 
Decentered 

Sections 

Ellinsidal 

--^^I^SWI^J^^P^TJ*^ 

Cause of Defect 

CONCAVE — Result of con- 
vex tööl or of a fast 
stroke. 

GoNVEX-T-Resuit of con- 
cave tool or too heavy 
a stroke. 

ROCKING^-(more convex) 
Result of rockiiig hands 
due to inexperience. 

Correction 

Decrease pressure; 
decrease length and speed 
of stroke. 

Increase length and speed 
of stroke. 

Increase pressure; 
increase length and speed 
of stroke. 

Concave and beveled^ 
result of convex tool or 
fast light stroke and 
-inexperience. 

'Eye Glass' 

Interpretation 

Result of uneven applica- 
tion of pressure; 

Decrease pressure and 
decrease length of stroke 
slightly more than for 
correction- of "concave" 
lengthwise only; 

Exert pressure evenly. 

Convex cylinder 
(lengthwise only) 

Figure 1513. 

:iwsK^v5?aa£B«»s32p**a^Äi -»- $ *i§wB?s* ftpim? $¥-*» - -•-' 
_r  _ ^'^z^--~^~fJ3Ssss^StL£«& 
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4. 

6. 

Defects Cause of Defect 

Fringe System 
Centered 

Fringe System 
Decentered 

Sections 

Interpretation 

Fringe* System 
Centered 

Fringe System 
Decentered' 

Sections 

Interpretation 

Hooks 

Caused by sweater pres^ 
sure on one end than on 
other. 

Fringe System 
Centered 

FrihgeSystem 
Deceiitered , 

Sections 

Interpretation" 

Beveled Face 

Too much pressure oh one 
side of the prism blank, 
resulting in a-double 
surface. 

Correction 

Exert pressure evenly. 

Increase and' exert 
pressure evenly. 

Result of irregular tool 
surfäce and of shifting  '_ 
pressure from one hand 
to the other: 

Increase and exert 
pressure evenly. 

Fringe System 
Centered 

Fringe.System 
Decentered 

8. 

Sections 

Interpretation 

Fringe System 
Centered 

Turned Down Edge 
7or "S" Bevel 

Result, of irregular tool 
surface and of shifting 
pressure from one hand 
to the other. 

Increase arid exert 
pressure evenly. 

Relatively Flat but 
Irregular 

Fringe System 
Decentered 

Sections 

Interpretation 

Result of convex tool, or 
of ä fast stroke; 

Decrease, pressure,; 
decrease length and speed 
of stroke. 

'Concave Cylinder 
i(crosswise only) 

Figure 1513  (Cpntd). .Drawings, by Russell W. Porter 
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OPTICAL CONTACT CORRECTIONS 

The following three alternative methods of 
finishing ropfrangle prisms eliminate the heed 
for hand correction of the toot angle. 

Bausch & Lömb Optical Company 

The prism blanks are rough ground in a 
manner similar to that described in Chapter 4, 
and both roof faces of each prism blank are 
polished.   Then, using the roof angle äs a ref- 

., - %m 

.erence angle, the 90° faces are corrected by 
hand, using, an adjustable goniometer, such as 
that shown in Figure 1514, to test the angles. 
This method is the reverse Of the usual proce-r 
dure in which the 00° faces are ground and 
polished first and the roof angle is then cor- 
rected with reference to the 90° faces. 

BlockingWThe first roof faces of the prisrn 
blanks are fine ground and polishe&as described 
in Chapter 11. This prepares the blanks for 
blocking, preparatory to grinding and polish- 

# 

w 

Bausch & Lömb Optical Company 

Figure; 1514.—Adjustable Goniometer Used for Checking the Angles of a Roof Prism. 
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iiig öf the second roof faces. In order to ac- 
complish this blocking properly it is necessary 
to use a precision rectangular planö-pärällel 
glass plate which 'has its side faces plane and 
parallel to each other and its top and bottom 
faces plane and parallel to each other and at 
90° to its side faces. The tolerance of any 90° 
angle "between any adjacent side and top or 
bottom face of the plate cannot be more than 
is permissible in the finished roof angles of the 
prisms themselves.   • 

The polished roof faces of the prisih blanks 
are placed in optical contact with the side faces 
of such a plate (half of the blanks being placed 
on one side face and half oh the opposite side 
face) and are located so that the faces still to 

be ground: are as nearly as possible in the same 
plane with each other and with the top face of 
the parallel plate, as shown in Figure 1515. The 
next step is to place the rectangular parallel 
plate, with the contacted prism blanks adher- 
ing to it, on a circular piano-parallel glass 
blocking plate so that its bottom face is con- 
tacted optically to the circular blocking plate. 
In actual practice, any convenient number of 
rectangular plates with their contacted prism 
blanks may thus be placed on the circular 
plänörparallel blocking plate. 

Using the necessary number of curved glass 
segments, eächi having the same height as the 
rectangular plates referred to above, a ring of 
glass is now set up around the entire systems 1 

PRISM BLANKS 
RECTANGULAR 
PLANO-PARÄLLEL 
GLASS PLATE 

J 

o 

CIRCULAR 
•PLANO-PARALLELT 
GLASS. BLOCKING 
PLATE 

Baiisch & Lornb Optical Company 

Figure 1515.—Amici Prism Blanks Contacted Optically with a Polished Plänörparallel 
Glass Plate Which, is Contacted Optically with ah Optically Flat Blocking Plate. 

—i— 
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This is done by placing the glass segments in 
optical contact with the outer top face of the 
circular blocking plate, as shown in Figure 
1516. Then the spaces are filled with 'pjasti- 
cene'. Plasticene is used for two reasons: 
primarily it waterproofs the work block and 
excludes any water which might seep through 
the system r thus causing uneven temperatures 
in the contacted elements and consequently 
breaking their optical contacts; also the plasti- 
cene aids in holding the elements in place dur- 
ing subsequent grinding and polishing operar 
tions. 

Grinding and Polishing. — After blocking 
has been completed, the second roof faces of 
the prism blanks (together with the top faces 
of the rectangular parallel plates and the 
curved glass segments) are fine ground and 
polished parallel with the top face of the cir-^ 
culär blocking plate. 

At this point an äutöcollimätör is used to 
take a reading through the top faces of the 
reetanguiaf parallel plates so as Cö check that 

1519 

parallelism of these faces has been maintained 
with the bottom face of the circular piano- 
parallel blocking plate. If parallelism between 
these faces is indicated, then it follows that the 
two roof angles of each prism blank are at 90° 
to each other. This is because the polished first 
roof faces of the prism blanks are all in optical 
contact with some one of the parallel 90° sides 
of the rectangular plates, the rectangular plates 
are in optical contact with the top face of the 
circular blocking plate, and, in turn* the top 
and bottom faces of the blocking plates are 
parallel. At the beginning of the operation the 
faces to be finished are, therefore, out of paral- 
lel with the top faces of the rectangular plates 
at the same level and to the same degree that 
the prism blank roof faces' deviate from 90° 
(see Figure 1517). By fine grinding and pol- 
ishing the entire top surface of the work block* 
and by maintaining the parallelism of the top 
surface with the bottom surface during the 
operation, the angle formed by the two roof 
faces of the prism blanks must necessarily he 
90°.    (See Figure 1517.)    "- 

Bausch & Lomb Optical Company 

Figure 1516.^.4 Block of Aniici Prism Blanks Ready for Fine Grinding and Polishing. 
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GRIND OFF 

SURFACE A IS PARALLEL TO B. 
SURFACE C  IS PARALLEL TO D. 
SURFACE E  IS PARALLEL TO F, 
SURFACES   E AND F ARE AT 90* WITH C. 
SURFACES   A AND D ARE IN OPTICAL CONTACT. 
AFTER FINE GRINDING AND POLISHING, 
SURFACE G IS PARALLEL TO  D 
AND AT 90°WITH SURFACES E AND F 

i 

B 

Figure 1517.^Amici Prism Blanks Contacted Optically to a Polished Plano^-parallel 
Glass Plate for Correcting the Roof Angle. 

Wheii polishing of the roof faces is com- 
pleted, the circular blocking plate is separated 
from the rest, of the work block by a few quick 
passes of ä gas flame, the plasticene is removed 
by hand, and the prism blanks are removed 
from optical contact with the plate by a few 
more quick passes of the gas flame; 

The prism blanks are now plaster blocked as 
described in Chapter 9, and then one of the 90° 
faces is fine ground and polished äs described 
in Chapter ll. After this, the second 90° face 
of each blank may be fine ground and polished 
by means of rectangular planö-pärailel plates 
and a circular planorparallel blocking plate as 
-described above ..for. .the. rp.pf faces.. 

Next* ä protective coat of shellac is applied 
to the roof faces of the prisms, leaving a small 
window in the center of each so that the four 
60° angles can be checked with a goniometer. 
From this point on, hand correction of the 90° 
faces may be applied singly to each prism in 
the same manner as that outlined for hand 
correction of roof faces earlier in this chapter. 
Constant cheeks of the 60p angles through use 
of a goniometer (see Figure 1514) should be 
resorted to in order to keep within tolerances 

and complete the correction of each prism äs 
readily as possible. 

In summary, it may be stated that the op^ 
tical contact method can be used to fine grind 
and polish any prism, face that is at 90° to a 
polished, prism face. An examination of Fig- 
ure 1516, for example, shows both roof faces 
and 90° faces blocked for grinding and polish- 
ing. 

Naval Gun Factory 

The description which follows is based upon 
Description of Manufacturing of Rööf Prisms, 
S;K. No. 85461, steps 14 and^ 17, a Naval Gun 
Factory ^ublicätlöfi. ""• 

After the prism blanks are rough ground, 
the blanks are plaster blocked as described in 
Chapter 9, and then one of the roof faces is 
fine ground and polished as described in Chap- 
ter 11. The blanks are now ready for blocking, 
fine grinding, and polishing öf the second roof 
faces. This operation, which must ;be per- 
formed with enough precision to obtain an 
angle of 90° ± 2 seconds between the roof 
faces, is accomplished äs follows. 

•<*•' 

F^ 
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Use is made of a special blocking fixture 
consisting of an iron ring, inside which is ce^ 
mehted a glass ring composed of curved glass 
segments, and a block cover plate. (See Fig- 
ure 1518.) The cover is provided with thumb 
screws for securing the ring, and with a center 
hole and several eccentric holes for attachment 
to ä spindle. Use is also made of a rectangular, 
plano^parallel glass plate. This plate is fine 
ground and polished, but has small rough*spots 
ground on both side faces so as to reflect light 
in the mounted prism, as indicated in Figure 
1522. 

The first step in blocking the prism blanks 
is to place the rectangular plate on edge on an 
optically-flat locating plate. Then the polished 
roof faces are placed in optical contact with 
the side faces of the glass plate (one opposite 
the other) so as to cover the rough spots re- 
ferred to above. In locating the1 blanks, care 
is taken that they are abutted against the lo- 

cating plate so as to insure that the faces still 
to be ground are äs nearly .as possible in the 
same plane with each other and with the bot-? 
torn face of the parallel plate. The ring blocks 
ing fixture, glass edge downward, is then set up 
around the system and plaster is poured in the 
block. (See Figure 1519 which shows two pairs 
of blanks in position after mounting, has been 
completed.) 

When the plaster has hardened, a small V- 
notch section is cut out of the plaster on the 
side opposite from the work surface, so as to 
expose the tops of the blanks for optical testing 
in an autocollimator as described below. The 
cover is now fastened by thumb screws to the 
iron ring and the work block is freed from the 
locating plate. The exposed roof faces are fine 
ground, polished and tested for flatness with an 
optical flat.    (See Figures 1519 and 1520.) 

The work block is removed from the block 
cover plate and turned over and mounted in the 

,) 
BLOCK C073R PLATS GLASS RING 

COMPOSED OF 
CURVED GLASk 
SEGMENTS 

.THUMB'- SCREW 

Figure 1518.—Equipment for Blocking Amici Prism Blanks for Fine Grinding 
and Polishing Second Roof Faces. 
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• CURVED GLASS  - "•" ' 
SSGäßHTS'   "        \ 

PIASTER 

HOOF TkC3& OP ÄHXÖ1   PRIStfS' 
-{BLCÖEEB I1T  PAIRS).. 

TRQS ntm 

PIÄIQ^ÄBALLBL PL&JPS 5L0CK :GO-iH2R PX&TE 

, Naval-Gun Factory 

Figure 1519.;—Amici Prism Blanks Blocked for Fine Grinding and Polishing 
Second Roof Faces. 

autocollimatör so as to expose %he top of one 
prism, to the optical, axis of the autocollimatoi?, 
as shown in Figure 1521. Before using the 
autocollimatör, the tops of the prism blanks 
are wetted with <monochlorobeiizene and an op- 
tically flat glass plate is placed over them. 
This autocollimatör checks the 90° roof angle 
to within 2-second limits. 

indicated in Figure 1522. If the'reflected cross, 
lines pf the first reticle are exactly superim- 
posed on the cross lines of the second reticle, 
the roof angle will be 90° ± 2 seconds, Mis- 
alignment of the reticles* indicating a condition 
in excess of tolerance, will be taken by the 
operator as iriformatiqri tp guide him in any 
further polishing necessary to bring the roof 
angle within the required limits. At the com- 
pletion of this operation, a protective coat of 
sealing wax is applied to both roof faces. 

Next, the 90° faces are plaster blocked, fine 
ground and polished.    Then the prisms are 
checked with a 28T-power telescope and colli- 
iiiator.    The collimätor target consists of a 
series of horizontal and vertical lines, together 
with two .pinpoints of light, one on either side 
of the lines.   The prism is set in a mount in 
front of the collimatör with one 90° face per- 
pendicular to; the line of sight of the colliniatfit'r 
The telescope, held by an adjustable swinging 
arm, is swung around so that its line of sight 
is perpendicular to the other 90° face pf the 
prism.   The telescope is then focused through 
the prism onto- the target in the cöllimatpr. 
Single, well-defined images indicate a prism 
with satisfactory roof faces and angle.   Döübie 
images, astigmatism, or distortion of the shape 
of the pinpoints of light indicate either lack of 
required plaiieness of surfaces or a discrepancy 
in the 90° roof angle.   In practically all cases, 

J 
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"CpITEa HÜLST 4lTO  SEVERAL 
ECOEnTRiC-HOLES POH 

S^fLTi&c-v&gw'p fo PIN 

BLOCK 007SR- 
PLM?E;       • " 

,Y«>BK BLOCK 

POLtSHIHS TOOL 

Naval Gun Factory 

Figure 1520.-^-Biock of Amici Prism, Blanks Ready for iPolifehing Second Roof Faces. 
The setup for fine grinding uses-a grinding tool instead of the polishing tool shown; 
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t/ORK" BLOCK 
(BOTTOM UP) 

"iH 

NävaVGun Factory 

Figure l521.:-^Setu.p for Checking Eoof Angles of an Amici Prism 
with an Autocolliniator. 

hand polishing with rouge and cloth by a skilled 
worker will correct any indicated deficiencies. 

The Perkin-Eimer Corporation 

The following 'fence' methci of mounting 
by optical contact eliminates the need, for hand 
correction. 

First Roof Face. — The prism blanks, are 
rough ground äs described in Chapter 4. Then 
the two 90°  faces are plaster blocked, fine 

ground and polished as described in Chapters 
9 and 11. 

Next* the blanks are fastened together in 
pairs at their roof faces through use of an 
adhesive consisting of equal parts of beeswax 
and rosin. (Carnauba wax may be added if 
the adhesive mixture is too soft.) The pairs 
of blanks are positioned on a metal locating 
plate and, with the aid of ä film of water are 
'wrung' into contact with the plate.   They are 

I 
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then blocked with piaster and made ready for 
grinding. The first roof face of each blank is 
now fine ground and polished äs described in 
Chapter 11. 

Second Roöf Pace. Preparing the Fence. 
-r^It should be remembered that the accuracy 
of this method depends upon the fence. The 
fence is an equilateral, triangular plate of the 
same type glass as that in the prism blanks, 
with each face slightly longer than the length 
of the roof faces of the blanks. The height 
(distance between the triangular faces of the 
fence) is slightly greater than the width of the 
roof faces of the blanks. If the fence is too 
low, the blank will not remain in contact during 
fine grinding and polishing operations, while if 
it i»s too high, the pin of the oscillating arm will 
be too high for Optimum polishing. 

,AUTOCOLLlMATOR 

3 FENCES 

To construct the fences, the glass is sawed 
ihto equilateral^ triangular pieces, with the al- 
lowance of enough extra material to provide 
for the desired finish. These pieces are ground 
plane and parallel on a mill. Four of these 
pieces are then Waxed together and rough 
ground so that.the three rectangular faces of 
the stack are perpendicular to the two triangu- 
lar end faces. After this, the pieces are sepa- 
rated, blocked, and one triangular face of each 
is fine ground and polished. 

Next the polished, triangular faces of a 
number of pieces are contacted optically to a 
large optical flat, and the exposed triangular 
faces are fine ground and polished parallel to 
the flat, to within %0 of a wave length. The 
pieces are then removed from the flat by a 
quick pass of a gas flame and are contacted 
optically to each other, through their triangu- 
lar faces, in stacks of three. 

Now the three rectangular faces of the 
stack are fine ground with #950 and #2600 
abrasive, polished (to %0 of a wave length), 
and brought to an angle of 90° ± 1 second 
with the triangular faces. The 90° angle is 
checked in an autocollimator (Figure 1523) 
and hand corrected within tolerance (90° ±L 
T second).       

The three fences are separated with a quick 
pass of a flame, and all edges are beveled ex- 
cept those outlining one triangular face. (From 
this point on, the triangular face outlined by 
the tiribeveied edges is referred to äs the 'bot- 
tom', and the opposed triangular surface äs the 
'top'.) 

PITCH USED TO 
ATTACH BUTTON 

METALBUTTÖN 

TÖP.TRIANGULAR 
["SURFACE OF FENCE 

r   j 

H) 

The Perkir^Elmer Corporation : The Perkih-Elmer: Corporation 

Figure 1523.—Light Path Through, Three Fences when 
Checking with ah Autocollimator. 

Figure 1524.^-Metal Button Attached to a Fence for 
Receiving the Pin of the Fine Grinding and 

Polishing Machine. 
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A concave spherical depression (0,709 inch 
across and 0.394 inch radius curvature) is 
ground into the center of the top face. A metal 
button (0.394 inch radius), which has a central 
hole to fit the pin of a fine-grinding and pol- 
ishing machine, is attached with pitch in the 
depression in the fence. (See cross section, 
Figiire 1524.) "Each fence is now complete and 
ready for use. 

Blocking. — When the polished roof faces 
are mounted on the side faces of the fence— 
one prism blank on each of the three side faces 
of the fence—the unpolished röof face will be 
in the plane of the bottom face of the fence. 

A prism blank and a fence are cleaned 
thoroughly with ether and cheesecloth and are 
given a final dusting with a corner of the cloth. 
Then the first polished roof face of the blank 
is slid smoothly onto a rectangular face of the 

->j?: > 

fence, the roof edge of the blank being posi- 
tioned at the bottom of the fence (Figure 1525). 
A single band is maintained throughout this 
sliding motion, to insure that any remaining 
particles Of dirt between the faces are pushed 
aside. 

Next, the fence and prism blank are laid on 
a glass locating plate that has an optically flat 
face (Figure 1526). With the blank properly 
oriented against both plate and fence, the blank 
and the fence are pushed together, whereupon 
they are seized by optical contact. The above 
procedure is repeated to add two more prisms 
to the fence and the blanks are removed from 
the locating plate. (See Figure 1527.) All 
surfaces except the bottom and the top of the 
fence are now shellacked to seal the contacts 
against moisture and to protect the exposed 
polished faces. (For more details on optical 
contact see Chapter 22.) . 

The PerMn-Elmer Corporation- 

Figure 1526;-^Optically Gbntacting Amici Prism Blanks with a Fence Against Which 
They Are Already Positioned^ Using an Optically Flat Locating Plate; 
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ITie Perkin-Elmer Corporation 

Figure 1527.—Three Amici Prism Blanks After Being Optically Contacted 
with a Fence. 

G'rinding.^-The fence with three contacted 
blanks is put on an öscillating-ärm machine 
and ground by hand, using #950 (Bausch & 
Lonlb.} abrasive until the polish' of the bottom 
face of the fence is gone. Then the pin is set 
in the hub of the fence and abrasive grinding 
is continued with the machine until all chips 
are removed from the roof edge. (See Figure 
1580.) 

Checking^ Fine Grinding,, and Polishing.— 
The ground, work Mock is then polished for a 
few minutes, because a slightly polished face 
will permit ä reading to be taken with an auto^ 
cöiiimator. The block is set on three balls in 
ä jackknife autocöllimator (Figures lt>28 and 

1529).. This autocöllimator has previously been 
set so that, a piano-parallel glass plate placed on 
the balls will return the image of a pinhole to 
the intersection of ü .'"air of crosswi-r.es in the 
eyepiece. At the first check after initial pol- 
ishing of the second roof faces of the prisms, 
it is usually found that the image from the top 
of the fence does not return exactly to the 
intersection. This is an indication that the top 
and bottom faces of the fence are not parallel. 
In such a case, fine grinding is continued with 
#2600 (Bausch & Lomb) abrasive, polishing 
the face at frequent intervals in order to obtain 
a reading with the autocöllimator, until paral- 
lelism is restored*   When parallelism has been 
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obtained, the roof angles are £0° within the 
accuracy with which the fence was made. The 
work block is then transferred to ä polishing 
tool and the faces are polished to within %0 

wave length, while maintaining parallelism. 
(See Figure 1530.) The finished prism is re- 
leased from contact with the fence by quick 
passes of a.gas flame. 

The PerMiv-Elmer Corporation 

Figure 1528.—Jäckknife Äutocollimator; 

MECHANICAL CORftECflONS 

C. P. Göerz American Optical Company 

It is not feasible to attach a prism blank to 
an ordinary blocking fixture for final polishing, 
although it would seem that such a fixture 
would lend itself to the polishing and correc- 
tion of a blank as accurately as though it were 
held by hand'.   The reason for this is that when 

a prism blank is attached to an ordinary block- 
ing fixture, the center of application of the 
applied forces is at some distance from the 
plane of the face being polished. This results 
in an unstable motion of the face over the sur- 
face of the polishing tool, with ä resultant 
rounding of the face, or of chattering in the 
polishing motion. 

To avoid these troubles and to permit the 
use of semi-skilled operators in correcting 
prisms, a blocking fixture in the form of 
'gimbals' has been developed. The center of 
application of the forces applied by such a 
fixture to the work i'ies at the center of the 
gimbals, and since there is no physical obstruc- 
tion there, it is possible to place the center of 
application of forces extremely close to the face 
being polished. 

A view of ä prism holder as part of a gim- 
bals blocking fixture is shown in Figure 1531, 
and the necessary parts of a prism holder used 
to hold a roof angle prism are shown in Figure 
1532. The ring and yoke are made in sizes to 
accommodate different holders. Two views of 
one holder are shown at (a) and (c), Figure 
1532, a different one being necessary for each 

. shape aild size of prism. To prevent-chips and 
scratches, felt lining is pasted ön the surfaces 
touching the glass, except those containing 
soft-pointed screws. The prism blank is held 
in the holder lightly by the prism-retaining 
screws. The prism holders are held by the 
rods and adjusting nuts in the ring of the 
gimbals firmiy, but so they can rotate freely 
without binding. These rods are also used for 
locating the prism blank in the proper position 
for removal öf the glass from the desired area 
of the faces. 
      aiu»  „„•~I„J .»„:4- :_  „ij 1 a. j J_I__  ii. jLiic v;wiin/ici/c  uun us «uya.wi.eu  uu* wie usi;ri- 

lating arm of a polishing machine so that the 
yoke remains in a position perpendicular to the 
polishing tool, as shown in Figure 1533. This 
arrangement permits the prism holder to as- 
sume freely aiiy position with respect to the 
yoke: The mounting rod attached to the center 
of the yoke extends, through a cylinder that 
Contains ball bearings at the top and bottom. 
These ball bearings are approximately 3 inches 
apart, thus permitting freedom of motion and 
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Figure 1530:-^Polishing a Block of Three Amici Prism Blanks on. an 
Oscilläting-arih Machine. 

The setup for fine grinding uses a grinding tool instead, of the polishingtool shown. 

;RIHG 

PRISM HOMES 

tADOTSTINÖ SCREW 

C. P. Göerz American Optical Company 

Figure 1531.—Gimbals with Prism Holder Assembled. 

'ADJUSTwa söäp at the same time maintaining a normal oper- 
ating position. In order to polish more on 
One part of ä prism-blank face than another* 
weights may be applied to pegs attached to the 
prism holder; or* by manipulation of the ad- 
justing nuts, the holder may be moved with 
respect to the ring in such a way that the por- 
tion of the face to be polished away is moved 

~ closer to,, or away from, the center of the 
gimbals. 

In correcting prisms with ä gimbals blocks 
ing fixture of this type, it has been found'desir- 
able to rotate polishing tools very slowly. A 
spindle speed of 2 to 3 rpm with an upper 
reciprocating member speed of 60 to 100 oscil- 
lations per minute has given satisfactory re-? 
suits. Hard pitch is used on the polishing tools 
in Order to maintain a flat surface over a long 
period.   Röüge or cerium oxide may be used; äs 
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I 
Figure 1532.-r-Disassembled Gimbals Showing Holder for Correcting the Eoof Angles 

of Amici Prisms. 

j^    "^K 

C. P. GoerzAmerican Qplical'Gompäny 

Figure i53"3.---Gimbäls Holding Amici Prism in Position on a Polishing Machine 
for Correcting the Eoof Angle. 
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the polishing medium.    The polishing tool is 
corrected as described earlier in this chapter. 

To test the prism, the prism holder with 
prism in place is removed from the ring by 
loosening tfte; adjusting screws (Figure 1531) 
and then the holder is tilted to the proper angle 
to permit the light to enter ä 90° face, thus 
allowing measurement of the roof angle; 

To make a correction of the roof angle, the 
adjusting screws (Figure 1531) may be ad- 
justed so as to permit that part of the face 
which requires extra polishing (positive or 
negative angle) to oscillate over the center of 
the polishing tool, pi* extra weights may be 
added to the pegs or to the lower prism-retain- 
ing screws (Figure 1532) s   It is preferable to 

make the angle changes by shifting the posi- 
tion pf the prism rather than by adding weights, 
since the addition of weights disturbs the nor- 
mal setup. (The normal setup is that combina- 
tion of weights, oscillation and pitch mixture 
which will produce an evenly polished face.) 

Other types Of prisms, as well as roof 
prisms, may be corrected by this method, but 
each type requires a specially designed holder. 
Three of these holders are shown in Figure 
1534, one designed to receive a penta prism, a 
similar one with a penta prism inserted, and 
another holder designed to mount a rhomboid 
prism. 

YOKE 

•?Eri3?A PRISM 
JH, FLAGS . 

HOLDER'FOR.'      • f 
RHofaBOlS BRiSMj 

RHOMBOIB PRISM, 

I) 

3 

mmBi 

0. P. Goerz American Optical Company 

Figure 1534.—Disassembled Gimbals Showing Two Types of Holders, for Prisms 
Having No Roof? 
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The accuracy required of certain optical ele- 
ments, such, äs wedges, windows, mirrors, and 
optical flats, makes it necessary to use manu- 
facturing methods which differ from those that 
are used ordinarily. 

Precision methods that are used in process- 
ing such flatwork are discussed in this chapter, 
so as to avoid any confusion with the conven- 
tional methods, described in preceding chap- 
ters, which are not always suitable for high 
precision work. 

Although the procedures discussed treat ex- 
clusively of wedges and windows, they may 
often be applied either wholly or in part, to 
similar elements requiring a comparable de- 
gree of accuracy. 

WEDGES 

While wedges,, which have been described 
in Chapter 1, are usually circular in shape, (as 
shown in Figure 117) * they may also be square 
or rectangular (see ocular "B," Figure 116); 
Where the angle of deviation is small, it is not 
usually necessary to compensate for chromatic 
aberration, but in the case of extremely precise 
wedges äs described below, a crown and flint 
element may be matched to produce an achro- 
matic doublet in much the same fashion äs an 
achromatic lens. 

Cemented Achromatic Wedge 

(Eastman Kodak Company) 

The achrpmatic ranging wedge used in the 
Ml height finder is composed of a crown and a 
flint element (each similar to the wedge shown 
in Figure 117), and each about 2i/2 inches in 
diameter, These elements are cemented to- 
gether. The resultant deviation that is permis- 
sible in, the achromatic doublet is 10 minutes 
=h0.2 second. 

The method used in making these wedges is 
suitable for similar optical elements, such as 
windows, mirrors, and optical flats. 

Grinding and Polishing.-r-Both crown and 
flint wedge blanks are placed oh a plane block- 
ing plate and the first face is fine ground and 
polished within a tolerance of 1 band. The 
wedge blanks are then removed from the plate* 
cleaned, beveled, and mounted in optical con- 
tact with an 8-inch diameter plane glass plate. 
Three flint or four prown wedge blanks are 
mounted oh the plate at one time; A brass 
template is used to locate the blanks in approx- 
imately the same position on the plate so that- 
later they may be gaged accurately. In the 
preliminary operations* the physical angle is 
controlled with an ordinary depth micrometer 
by measuring the thickness of the blanks across 
the block (see Figure 1601). 

Correcting.-^The final correction, which is 
to a tolerance of ±0.00015 inch* is made during 
the fine-grinding operation. To measure this 
tolerance accurately, use is made of a special 
tandem dial gage, consisting of two special 
depth gages, calibrated in 0.00008-inch gradua- 
tions, placed 6 inches apart on a bar of tool 
steel and with their stems projecting through 
the bar (see Figure 1602). A semicircular 
stop, % inch in diameter and *,4 inch thick is 
fastened to the underside of the bar with the 
flat side within % inch of one of the gage 
stems. In addition, two pairs of ball points, 
the individual balls being 1 inch apart and the 
pairs about 4 inches apart, are placed on the 
underside of the bar and adjusted, so that all 
four ball points are in the same plane. 

Checking; with Special Gage, —r- A convene 
lent way to set the dial gages at zero is to place 
the four ball points (of the two pairs) on, a 

piano-parallel plate of approximately the same 

PHYSICAL 
ANGLE 

Figure 1601.—Wedge Block Showing Physical Angle (Exaggerated). 
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SErO-GXRCULMt STOP 
f (SHORTER THAN 
- 'SEEK OP SAGS) - 

PAIR OP 
KXLL POINTS 

BALI POIHI OF 
DIAL "JAGS    , 

Eastman Kddak Company 

Figure 16Ö2.^Tandem-dial Gage for Checking the Physical Angle of a Wedge Block. 

thickness as the maximum thickness of the ele- 
ments, with this plate resting, in turn, on a 
plane surface. The ball points of the two gage 
stems should rest on the plane surface which 
supports the piano-parallel plate. 

When gaging wedge blanks after the dial 
gages are set. at zero, the difference in their 
readings (which is a measure of the physical 
angle, Figure 1601) is calculated. The physical 
angle may then be determined by trigonometry. 
Next the amount of material that must be re- 
moved from the work block may be computed 
by use of formula (13) if the exact distance 
between the two pairs of ball points is substiU 
tuted for the quantity d. 

When'the,gage is usedythe semicircular stop 
is brought into contact with the edges of the 
two adjacent wedge blanks on the high or thick 
edge of the block. By this means any measure- 
ments taken on a particular block are always 
made from the same point. When gaging flint 
wedge blanks,, where there are three on each 
block* each ball point of one pair rests on the 
face of an adjacent blank while both ball points 
of the other pair rest on the face of the third 
blank. When gaging crown wedge blanks, 
where four are on the block, each ball point of 

both pairs rests on the face öf a different blank 
and hence the bail points are in contact with 
all four blanks. In either case,, the two ball 
points of the gage stems rest on the surface of 
the blocking plate on which the wedge blanks 
are mounted. 

Checking with an Autocollimator. — After 
the block is fine ground and polished to the 
desired physical wedge angle, as determined by 
the difference in the dial gage readings, and 
also to a satisfactory surface condition, the 
elements are removed, cleaned, and the actual 
deviation of each element is determined On an 
autocollimator by comparing it with a master 
element. Because of the method of cementing 
and adjusting as described below, the deviation 
of physical angles in individual elements can 
vary as much as 7 seconds. Such width of 
tolerance makes this method of manufacturing 
somewhat easier than those described earlier 
in the chapter; 

Orienting in mi Interferometer. -^ Before 
Cementing, a crown and flint element of com- 
plementary deviation are selected and placed in 
a holding fixture with their thick edges 180° 
apart and with a very thin ring of glycerin 
or 'kodapak' separating them.   This fixture is 
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placed in an interferometer which has been set 
previously to ä hjaster wedge that is known to 
be accurate within ±0.1 second. Then the ele- 
ments are rotated until they make a minimum 
deviation in the interferometer, after which a 
pencil mark is placed on their edges to indicate 
their final relative positions. 

Cementing. -+• After a pair of crown and 
flint elements has been oriented, the two ele- 
ments are removed from the fixture, cleaned, 
cemented with butyl methacrylate, and lined up 
as closely as possible to the position marks on 
their edges. Then they are returned to the 
fixture, rechecked for alignment in the inters 
ferometer, and the entire assembly is placed 
in an oven to polymerize the cement. (See 
Chapter 20.) 

Final Processing-—After polymerization 
has been completed,- the doublets are again 
cheeked for deviation on the interferometer, 
and then rounded to the proper diameter, bev- 
eled* and given a final inspection^ 

This method of manufacture is particularly 
advantageous where large production is re- 
quired    In the method first described, the dou- 
blet is held together by means of optical contact 
between the elements* both during the process- 
ing and, later,, in the instrument itself.   Skilled 
operators are needed to polish the contact faces 
to the high degree of flatness that is required to 
make the desired optical contact employed in 
the first method.   In the second method, oper^ 
ators with a considerably iower degree of skill 
can be used, because the elements are cemented 
together and therefore heed not be held to such 
close tolerance. 

Large Circular Achromatic Wedge with 
Elements in Optical Contact 

^^hen?erkin^Elm^eFCor^rätion) 

The following is another method that is 
used for making the Ml height finder, achro- 
matic, ranging wedge. This method differs 
from the one discussed earlier in that the ele- 
ments are held together by optical contact. 
Since the manufacturing method is the same 
for both the cröwii and the flint elements, the 
following description will serve for either. 

Due to the size of the wedge element, it is 
customary to process the blank singly.   One 

face is rough ground on a mill and the blank is 
then edged round to the specified diameter on 
an edging machine.  (This edging may be done 
as described in Chapter 13, except that no ceiv- 
tering is required.)    Next the other face is 
rough ground, the operator bearing on one side 
until the required angle and thickness have 
been reached.   This can be determined by tak- 
ing thickness readings by meafls of ä gage at 
the thickest and thinnest points of the circum-r 
ference.   Now, the wedge blank is blocked to a 
brass hub' that is about 1% inches in diameter 
and which has a socket for the pin of the poU 
ishing machine.   The blocking wax should be 
as soft as possible while still preventing any 
shifting of the wedge; i.e., it should be about 
as hard äs the polishing pitch.   After this, the 
first face is fine ground to about 1 or 2 bands 
concave when tested with an optical flat, and 

.then it is polished until it has a pattern of 3 
or 4 bands convex and with no abrupt changes 
in curvature.   The polishing tool should never 
be too wet, since otherwise it would polish too 
slowly, and it should never be absolutely dry, 
or an astigmatic surface might develop. 

The polishing is finished on a polishing tool 
of about 3-ineh diameter. Because the heat of 
polishing will cause the face to appear some- 
what convex (perhaps 1/2 of ä band), when the 
optical flat is first applied, the flat and the 
wedge element must be allowed tö remain in 
contact for about an hour before ä dependable 
reading of the curvature can be obtained- Ulti- 
mately, the face of the wedge must be flat 
within % öf ä band and the residual error must 
be marked on it; 

When the first face has been finished, the 
hub is removed and transferred to the second 

_ -face, taking...care, thaiihexe^is^absöluMy no. 
eccentricity detectable in the blocking since ec- 
centricity will cause error in the angle of the 
blank and produce ah astigmatic surface. Next 
the unfinished face is fine ground to the speci- 
fied angle, which is checked from time to time 
by using an autocollimatpr (see Figures 1528 
and i529)  calibrated with a 'master' wedge 
element.   The master wedge element is laid On 
the three balls and then the table is: tilted until 
a rotation of the element on the balls causes the 
image, which is reflected from the top face, to 
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inove in an .arc which passes through the cross-, 
wire intersection. Then the blank being fine 
ground is substituted for the master wedge ele- 
ment ; its arc will follow the same path when it 
has the same correct angle. When the angle of • 
the blank is satisfactory, the face is polished 
in the same manner as the first face, but its 
residual error should be complementary to that 
of the first face, i.e., if the first face is % band 
convex, the second face should be y5 band con- 
cave. 

Next the crown and flint wedge elements 
are cleaned thoroughly* laid together, and ro^ 
tated to the achromatic position. Now a planoT 
parallel glass plate is laid on the three balls of 
the autocoliimator and the returning image is 
focused sharply, and without parallax, on the 
crpss^wire intersection. Then a mäster ächrcK 
matic wedge, known to have a deviation of 10 
minutes ±0,1 second, is laid on a fixture be- 
tween the plano-^parallel glass plate and the 
autocoliimator objective; This will throw the 
image out of the field of view; it must be 
brought back to the cross^wire intersection by 
tilting the table. Then the master wedge is 
replaced by the flint and crown elements laid 
together in the achromatic position. When 
plate, fixture, and elements are rotated as a unit, 
the returning image describes, an arc which will 
pass through the cross-wire intersection pror 
vided the deviation is 10 minutes ±0.1 second; 
If a slight adjustment of the deviation is neces- 
sary, either or both the crown and flint ele- 
ments are rotated through a small angle. When 
the deviation, is correct, a pencil mark is made 
on the edges to indicate the final relative posi- 
tions of the crown and flint elements. 

Then the* two elements are cleaned thoiv 
öüghly again and put" in opticaT Cöfitaet, with 
their respective pencil marks lining up accu- 
rately. If care is taken in marking and con- 
tacting, the resulting achrpmatic wedge should 
be correct to ±0:2u second. (An achromatic 
wedge is formed when the crown and flint ele- 
ments are contacted optically. Occasionally ä 
finished wedge will exhibit lens power even 
though all the faces are accurate. In such 
cases the glass in one or both of the elements 
is not homogeneous, and the defective element 
(or elements) must be discarded. 

Small Circular Wedge 

(The Perkm-Elmer Corporation) 

Because small wedge blanks must be blocked 
for grinding and polishing, they present a. 
problem that does not arise in grinding and 
polishing large wedge blanks. 

Small wedge blanks should be ground on a 
4-inch diameter piano-parallel blocking plate. 
If an attempt is made to grind them to the re- 
quired 'physical angle? (see Figure 1601) on a 
larger plate, too many of them will have an 
unsatisfactory thickness. 

The physical angle to which the block of 
small wedge blanks must be ground to secure 
the desired angle of deviation may be calcu- 
lated by using the following formula. (See 
Figure 1601.) 

B = (n^iyA, or 
3 

(12) 

A = 
n—1 

where A = physical angle, in degrees 
B = light deviation iii degrees 
n = refractive index of the glass 
d = diameter of the block, in inches 
s = amount to be ground from the 

block, in inches 

By trigonometry: 
S' ^^   W   VOLL   Ä 

As an example, let us assume the following 
data: 

B = 12' 30" 
n == 1.517 
d=4 inches _     

Then, using formula (12): 
12' 30" A- — 24' 11' i:517-l 

and, using formula (13): 
s = 4 tan 24' 11" = 0.Ö282 inch 

While the angle that is obtained by formula 
(12) will not be exact* it will be close enough 
so that it can be observed in an autocoliimator 
and thus make it possible to observe the prog- 
ress of the necessary correcting which must 
subsequently be done by trial and error. 
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A 4-inch piano-parallel blocking plate is 
filled with blanks that are polished on one face 
and mounted in optical contact with the block. 
The work block is ground and polished until 
the height of the wedge elements at the thin 
edge of the block, measured from the bottom 
to the top face, is more than the corresponding 
height of the elements at the opposite block 
edge by an amount s sufficient to make the re- 
quired physical angle A. In the example given 
above, the amount to be ground from the block 
is 0.0282 inch. 

Now the block is examined in the autocol- 
Jimator, the correction that must be made to 
the physical angle is estimated and the block is 
polished further. 

When the polishing has been completed sat- 
isfactorily and no further correction is necesr 
sary> the block is used as a base to fine grind 
and polish other wedge blanks. 

These succeeding blanks are first plaster" 
blocked and polished on one side. Then they 
are placed in optical contact with the finished 
wedge elements, while the latter are still on the 
4-inch plancHparallel blocking plate. After these 
latter blanks have been polished so that their 
top faces are piano-parallel, they are removed 
and any that fail to meet the required tolerance 
for thickness are discarded; This process is 
repeated until enough acceptable elements have 
been produced to fill a 6-inch or larger piano- 
parallel blocking plate. If desired, the original 
elements mounted on the 4-irich piano-parallel 
blocking plate may be Used also. 

Next, these elements, which can now be 
considered standard, are placed in optical con- 
tact on the larger piano-parallel blocking plate 

.and. further blanks with one side j)olished_are 
put in optical contact on top of them. When 
this block has been ground and polished so the 
upper faces of the tOP elements are piano-par- 
allel, the resultant elements will have the same 
physical angle as the standard elements. 

The above process of grinding and polishing 
blanks mounted on the standard, elements on 
the larger piano-parallel blocking plate may be 
repeated as often as desired. However, the 
faces of both the standard elements and the 
blanks, must be very good or they cannot be 
placed in optical contact. 

WINDOWS AND MIRRORS 

Naval Gun Factory 

Windows and mirrors which must be piano- 
parallel to within 5 seconds require the use of 
special fine-grinding and polishing processes 
riot described in Chapter 11. In the description 
which follows,, the word 'window' is used to 
account for both windows and mirrors, since 
both optical elements are basically the same. 

Rough Grinding. ^ Window blanks are 
rough ground as described in Chapter 6 to 
within 0.020 inch of the desired finished thick- 
ness, and are then edged to size, a imcrometer 
being Used for testing parallelism. 

Blocking.-^An aluminurri or cast-iron block- 
ing plate arid a glass blocking plate about 14 
inches in diarneter, which is flat to within y% 
band, are required. The glass plate has par- 
allel grooves ground into one surface; these 
grooves are about %6-inch wide, 0.02-inch deep, 
and suitably spaced. These grooves are used 
for blocking and inspection purposes, as de- 
scribed later. 

Since,, in order to prevent warpage, äs iftuch 
as possible of both surfaces of the glass plate 
are needed to dissipate the heat that is gen- 
erated during fine grinding and polishing, its 
ungrooved surface is Mounted to the riletal plate 
with wax pellets about % inch in thickness. 
This leaves a space between the two plates for 
circulation of air and consequent dissipation of 
heat from the rear surface öf the glass plate. 

(Two alternate methods of mounting the 
glass plate would not prove satisfactory. If 
the ungrööved surface of the plate was waxed 
solidly to the metal plate* this surface could not 
dissipate its share of heat and the glass plate 
would tend to warp. A hub-mounted glass 
plate, on the other hand, would allow the dissi- 
pation of heat, but, due to the small diameter 
of the hub, it would riot be sufficiently stable.) 

When blocking the blanks either for first or 
second face fine grinding and polishirig, the 
metal and glass blocking plate assembly is 
placed ori a table with the grooved surface of 
the glass plate upward. Next, the glass, plate, 
and the window blank faces that are to be 
in contact are cleaned thoroughly with gauze 
soaked in alcohol1, arid theri rubbed with a 
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chamois cloth. Finally, all lint and dust par- 
ticles are removed with a camel's-hair brush. 
Use of this brush must be continued while the 
window blanks are being located on the glass 
blocking plate. 

For first face fine grinding and polishing, 
the blanks are laid in place on the glass blocks 
ing plate. For second face fine grinding and 
polishing, the blanks must be pressed into op- 
tical contact with the plate. In mounting the 
second face in optical contact, the color should 
move away from the. contacted surfaces and 
leave a clear area behind. If thejeolor does hot 
disappear, the blanks involved must be rer 
moved with, heat or cold {i.e., with any sudden 

, - 16LÖ7. 

change in temperature), the surfaces cleaned 
further, and another attempt made. If no color 
appears while the operator is endeavoring to 
make optical contact, then the presence of dirt 
on the surfaces may be indicated and a check 
should therefore be made. 

In case of either first or second face mount- 
ing, the blanks should be located approximately 
square with relation to the grooves in the plate 
(see Figure 1603). 

After all blanks have been mounted, whether 
merely laid on. the plate for fine grinding and 
polishing of the first face of contacted optimally 
for fine grinding and polishing of the second 

*i 
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Figure 1603;-^-W.inäöws in Optical Contact with Glass Blocking Plate 
After Precision Fine Grinding and Polishing. 
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face, the entire block is waterproofed by apply- 
ing shellac around the bases of the blanks and 
then by covering the shellac with a warm mix- 
ture of beeswax and pitch. (Adhesion of the 
blanks, caused by the shellac, beeswax and pitch 
is sufficient to hold them in place for fine grind- 
ing and polishing of the first face.) 

Inspecting for Parallelism. After Fine 
Grinding. — After fine grinding the blanks 
plane and parallel by hand, their thickness 
shoiild be measured. If the variation in thicks 
ness from one edge of the block to the other is 
no more than 0.0001 inch and if a 14-ihch- 
diameter blocking plate is being used, the faces 
of the blanks are parallel to within IV2 seconds. 

After Polishing.—After polishing, any var- 
iation in the thickness of a window can be 
measured, without removing it f roni the block, 
by using a modified form of the interferometer 
which will allow the observation of 'Haidinger 
fringes'.* The optical system of such an in- 
strument is shown in Figure 1604 and this 
interference phenomenon can be used to meas- 
ure variations in the thickness of a glass plate. 
"Ehe rings are formed at infinity and may there- 
fore be seen with the naked eye or with a 
telescope focused at infinity, no condensing iens 
or other auxiliary system being needed. 

The source of light for the interferometer 
is a low-pressure mercury-vapor lamp approxi- 
mately 6 feet above the bench. The light from 
this lamp is reflected twice and then goes to 
the window being, inspected. The window;, 
which is still mounted on the block, is posi- 
tioned so that the light passes through it into 
the groove in the top of the glass blocking plate 
as shown in Figure 1604 and is then reflected 
back to the eyehole in the second mirror. 

To measure the parallelism Of the two faces 
of the window, the inspector looks through the 
eyehole of the second mirror; where he will see 

annular light and dark rings in the field. Then 
he moves the block with the window across the 
field, takmgx care to keep the annular rings 
(Häidinger fringes) against the light back- 
ground of the grooves ground in the block. If 
the window increases in thickness as it is 
moved along under the eye, the annular rings 
will increase in radius and new rings will form 
in the center. If the thickness decreases, the 
annular rings will decrease in radius and some 
will disappear at the center. Every time a dark 
band completely replaces the preceding dark 
band (a difference in phase of 1 wave length), 
the thickness of the window has changed an 
amount equal to % wave length of light. The 
total, amount Of this change may be determined 
most easily by counting the bands which ap-? 
pear (Or disappear) at the edge of the black 

%^ MERCURY SOURCE 

^/2ND MIRROR    "V 
EYEHOLE-^,< \ 

* Strong, John W. Procedures in Experimental Physics. 
p. 66   New York:   Prentice-Hall, 1943 

GROOVES IN GLASS BLOCKING PLATE 

Figure 1604.r^Optical System of a Modified Form of 
Interferometer Used for inspecting Blocked 

Windows for Parallelism. 
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center of the image that is formed by the eye- 
hole in the second mirror, as the window is 
checked across its entire surface. 

The overall dhange in thickness of a window 
may be expressed as a wedge angle by the 
formula: 

W = 206,265 X 
A. N 
2 1 

where W — wedge angle (- 
in seconds 

(14) 

physical angle)., 

. „ , _^-_^ - •— _     A®$s 

x = wave length of light used, in 
inches 

N == number of black (or white) bands 
appearing (or disappearing) at 
the center of the ring system 

1 == length of the plate traversed by 
the image in inchos 

The amount of material to be removed from 
the window can now be computed from formula 
(13) using 1 from formula (14) = d. 
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A reticle (see Chapter 1) is that elemeiitof 
an optical system which contains the pattern of 
lines by which distances are computed, fire is 
directed, and comparative locations are plotted. 
The particular pattern depends on the purpose 
for which it is to be used, aiid may consist of 
straight liiles, parallel lines, cross lines, circles, 
designs of planes, tanks, and other equipment 
arranged singly or iii many combinations, 
(Figure 118 shows a few samples of such 
patterns.) 

The lines of the pattern—which must be of 
a definite width and length, be spaced accu- 
rately, äiid have a sharp outliiie-^are placed on 
a blank reticle of suitable size and shape. 

The pattern may be put on the blank by 
etching with hydrofluoric acid applied through 
lines •cat, in a layer of acid-resistant wax, by 
photographic processes, or by a combination of 
both. If necessary, the lines are filled with an 
opaque pigment to make them more clearly 
visible when in use. 

While most reticles are circular as shown 
in Figure 118, the design of certain optical 
systems is such that nohcireular shapes are 
required, e.g., the half-round or -tombstone' 
shape shown in Figure 118-D, or the rectan- 
gular slab shown in Figure 116. 

MECHANICAL ENGRAVING 

In the mechanical engraving process, the 
blank reticle is coated with a thin layer of 
acid-resistant wax,, called the 'resist'. Then the 
desired pattern is cut in the wax resist with a 
sharp tool* taking care that the lines are clean, 
have straight edges, and are of the proper 
width. Next, in the etching process, the blank 
reticle is exposed to the fumes of hydrofluoric 
asidv -or to the acid itself. -In this operation, 
the fumes (or the acid itself) attack the glass 
that is not covered by the resist and -etch' 
grooves in it to a depth determined by the time 
that the contact with the glass endures. After 
this, the blank reticle is washed thoroughly to 
remove all traces of acid, the resist is removed 
and the blank is cleaned. 'Finally, the etched 
lines may be filled with ail opaque pigment of 
the desired kind mixed with an adhesive. This 
is allowed to harden, and then the reticle is 
cleaned and given a final inspection. 

Applying the Resist 

immersion Method (Frankford Arsenal),~^- 
The blank reticles are placed on a paper-eov-r 
ered plate of glass, metal, plywood, or other 
suitable material about 6 x 8 inches and about 
i/irinch thick, and with the faces of the blank 
reticles that are to be coated in contact with 
the paper. 

Next the reticle holders (see Figures 1701 
and 1702) are placed over the blanks, and the 
plate is put into an electrically heated oven. 
Then, after being heated to a temperature of 
approximately 115°F., the plate is removed 
from the oven and molten beeswax is poured 
into the cup-like opening in the back of each 
holder. When the wax has set it will hold the 
blank reticle securely in the holder. 

If the beeswax is too hot, it will seep 
through the small space between the blank and 
holder or run out the drilled and tapped hole 
in the holder which is used for the handle. 
Next the plate of prepared blanks is returned 
to the oven. When a temperature of IIS^F* 
has again beeii reached, a holder with its blank 
is removed, the face is cleaned with a soft cloth 
or a camePs-hair brush, and a reticle holder- 
rod ör häiidle is screwed in the drilled äiid 
tapped hole. 

Now the entire unit of blank, holder* and 
beeswax is immersed in the fluid resist, allowed 
to remain quiet for several seconds and then 
withdrawn at ä slow, uniform rate and at an 
angle of approximately 30° between the sur- 
face of the resist and the blank. 

To assure a cöät that is smooth and uniform 
in thickness, the withdrawal must be steady; 
and to prevent any dust particles or foreign 
matter from adhering to the coat, the Wank 
must be withdrawn lace downward. The na- 
ture of the coat which can be applied success^ 
fully by this method is determined by the rate 
of withdrawal. If the blank is withdrawn too 
fast, the coat will be thick but too roughs If 
it is withdrawn too slowly* the coat will be 
smooth but too thin. Therefore, the rate of 
withdrawal must be regulated between these 
two extremes, by experiment or as a result of 
experience,, so äs to obtain the most desirable 
combination of thickness and smoothness; 
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38  DRILL, 5-4QNC^2 

Figure 17Öl.-r-4-Hölder for Reticles 1 Inch or More in Diameter. 
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Figure 1702.-^Holder for Reticles Less than 1 Inch In Diameter. 

Narrow lines (0.0006rinch wide) can be 
etched readily with hydrofluoric acid fumes, 
arid therefore, a fairly thin film is sufficient. 
But wide lines require etching with liquid acid, 
and therefore, a heavier coat of resist is re^ 
quired. 

Äs soon as the application has been corn- 
all excess resist should be cleaned from 

the holder.   This is usually done with a cloth, 
saturated with gasoline Or xylol. 

It is advisable to let the resist 'age' for a 
period of not less than i hour before attempt- 
ing to engrave through it. On the other hand, 
if it sets more than 24 hours, even under ideal 
conditions, the coat should be removed and a 
hew one applied. 
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Spinning Method (Eastman Kodak Com- 
pany) .-=-rThe spinning method, used for circular 
blank reticles, makes use of ä brass-ring reticle 
holder (see Figure 1703). The blank reticle is 
mounted in this holder in a manner similar to 
that described above. 

The spinning machine contains a vertical 
spindle which is driven by an electric motor 
at either 900 or 1800 rpnVahd is controlled by 
a foot switch. The spindle is surrounded by a 
metal pan to collect any excess resist or clean- 
ing solvent. A chuck is provided for holding 
the brass ring with its blank reticle oh top of 
the spindle, and ä vacuum duct for'the removal 
of fumes is abutted against the metal pan. 

To clean the face of the blank previous to 
coating, a small stream of chloroform is di- 
rected at its center for about 2 seconds as it 
is being spun on the .machine;   A cotton swab 

soaked in chloroform is then used to remove 
any specks that remain. 

During the application of the coat, the tem- 
perature of the blank should be slightly above 
that of the resist, and the latter should be kept 
at 110 to 120°F. If the blank is'% inch or 
smaller, machine speed is regulated to 1800 
rpm; if more than % inch, a machine speed 
of 900 rpm is maintained. After cleaning, 1,4 
to y% cubic centimeter of the resist is dropped 
through a glass tube onto the center of the 
spinning blank, as shown in Figure 1704. After 
the coat of resist appears to be dry (which 
should require about 3 seconds), and with the 
blank reticle still spinning, a second coat is 
applied in the same manner. If necessary, a 
third coat may be applied when the second has 
dried. 

Eastman Kodak Company 

Figure 1703.—Cleaning Spinning Reticles with Chloroform; 
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Eastman Kodak Company 

Figure .1704.—Coating Spinning Reticle with Wax. 
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When a sufficient number of coats have been 
applied, ä cloth pad, soaked with a small amount 
of chloroform or gasoline, is held against the 
edge of the brass^ring holder as the foot switch 
is released, thus stopping the spinning motion 
and, at the same time, cleaning excess resist 
from the edge. 

The finished coat is inspected for obvious 
holes or dust specks while still in the chuck 
and, if satisfactory, is removed from the chuck 
and held against a bright light for further 
examination. 

A brass holder for coating square blank 
reticles by the spinning method is shown in 
Figure 1705. An aligning block is used to 
make sure that the edges of the blank are flush 
with the holder, and the blank is held against 
the notch in the holder by a temporary clamp. 

1707 

The surface of the holder that contacts the 
rear face of the blank is cut away about 
OiOlO inch so as to permit the rear face of the 
blank to be contacted near the edges only, and 
thus provide a space for the inelted wax to 
flow in. After the blank is clamped in position, 
the assembly is heated, and melted beeswax is 
flowed in between the rear face of the blank 
and the mount. When the wax hardens and 
holds the glass in place, the clamp is removed. 
The assembly is then placed in a special chuck 
with ail opening of the proper shape, and the 
front face of the blank is then coated by the 
spinning method* as described above. 

The Engraving Tool 

The engraving tool is used with an engrav- 
ing machine for cutting lines in the resist so 

;nowm 
HMTOLE. BLÄ RETiCE ^HOLDER TES&P@B£RY GUMP. 

Eastman Kodak Company 

Figure 1705.—Holder for Mounting Square Blank Reticles. 

-"V.-TW-'T?» 

i#  ,   X.-.i*' 

*   W3jt»jWBBW^.MgH. UjJ«V"W gUiWJUJW. 

"^T^^m^!^T^l!Z^^^- 
" V-rTv. ;u3SPt9B£. 

if«~~ *-.    J-    ~f-. . 



1708 

as to make the desired pattern for the reticle. 
(A cross-section of an engraving tool in a spe- 
cial holder is shown in Figure 1706.r) 

Engraving tools ar6 made from a variety of 
materials and are of many shapes, depending 
on the type of line desired and the tolerance 
that must be held. Toois made of steel and, 
to a lesser extent, those made of diamond are 
most universally used in high precision work. 

Steel*^-When the line is narrow,, the toler- 
ance close, and the same width must be held 
during the engraving of ä large number of 
lines, a special alloy steel is a good material to 
provide the hard, strong point required. The 
steel for this type of tool must be such that it 
can be ground to a sharp point without break- 
ing, chipping, or fracturing. (One steel alloy 
that is satisfactory for this duty is made by the 
Firth^Sterling Steel Company of McKeesport, 
Pennsylvania, and is known äs 'grade HA 
firthite'.    See Figure 1707.) 

Actual shapes of engraving tool points .7ary 
considerably, depending on the size line desired 
and the direction of cutting motion, but four 
fundamental shapes may be noted as the basic 
types, i.e., (1) conical point, (2) chisel point, 
(3=) pyramidal point and, (4) V-point. 

WEIGHTS^ 

-FIRTHITE TIP 

MACHINE 

TUUL. tlULUEK 
BODY 

KEYWAY 

GUIDE SGREWl 

TOOL- 
HOLDER 

ENGRAVING 
TOOL 

SET SCREW 

^S5 
«C£ 

Figure 1706.—Cross-section View of Engraving Tool 
and Holder. 

Figure 1707.-^Engraving Tool. 

The conical point is very versatile, being 
capable of catting lines in any direction, in 
widths varying from approximately 0.0001 to 
0.002 inch. When lines of more than 0.0024nch 
width are desired, a chisekpoint engraving tool 
may be used. (A square point is a variation of 
ä chisel point sometimes employed.) Due to the 
greater width of this type of point, hardened 
steel drill rod-stock is suitable for its construc- 
tion. When lines of different widths are desired 
in two directions, Oiie way to cut them is to 
use an engraving tool with a pyramidal point. 
The different widths obtainable from the same 
pyramidal point are made possible by grinding 
two adjacent faces deeper than the third face. 
When fine lines (as small äs 0.Ö002 inch) are 
desired in one direction only, a V-point similar 
in shape to a V-threäd cutting tool may also be 
used. 

Grinding of engraving-tool points, may be 
acgoinplished on a watchmaker's lathe, equipped 
with ä compound tool rest, as shown in Figure 
1708. The engraving tool is held in the head 
stock of the lathe by a spring collet, and the 
wheel—^which is preferably a resinoid-bonded, 
500-grit, lOOrCpncentration diamond wheel-^-is 
mounted on the tool rest and set at the re- 
quired angle. When grinding conical points, 
the lathe is driven at approximately 600 rpm, 
and the diamond wheel ät from 4000 to 5000 
surface feet per minute. When grinding other 
type« of points, the head stock of the lathe is 
locked in position and the rotating diamond 
wheel is moved as required. 

After grinding, the final finish may be given 
to engrayihg-tooi points by honing with a fine 
Arkansas oil stone. Iii ail cases, the condition 
of the point is checked during grinding and 
honing by means of a micrometer microscope. 
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Figure 1708.—Arrangement for Grinding Engraving Tool arid Stylus. 

If it is necessary to increase the width of 
the point of the engraving tool, it can be done 
while the tool is. mounted in an engraving ma- 
chine (operation of these machines is described 
later in this chapter), by lapping it lightly on 
a glass plate, the surface of which is coated 
with a paste of levigated alumina and lard oil. 
To accomplish this operation, the paste-cov- 
ered glass plate is inserted in the position to be 
occupied by a blank reticle during the engrav- 
ing operation. It is important that the surface 
of the glass plate occupies the same plane that 
the face of the blank reticle does when it is 
mounted on the stage: oi the machine.. The 
engraving tool is brought into contact with the 
glass very slowly, care being taken that it just 
touches the surface, then the engraving tool is 
given a circular motion which will rub the 
point of the tool on the glass surface and dull 
it slightly. To determine the progress of the 
operation the lapping is stopped, trial lines are 
made, and these lilies checked for size with a 
micrometer microscope of a comparator. 

Diamond.—The usual width of the lines 
that»-are ruled on reticles varies from 0.0003 

to 0^006 inch. In special cases lines as small 
äs 0.0001 inch are required. While steel en- 
graving tools have been found satisfactory for 
all these widths, some manufacturers prefer to 
use a diamond tool for cutting, the narrower 
lines. Diamond tools are not uniform and each 
one must be tried at various cutting angles 
and, in addition, the kind of glass, the pattern 
design, and the strength of the etching acid 
that is to be used must be considered when 
selecting a diamond tool for engraving a par- 
ticular kind of blank reticle. The advantage 
cited for diamond tools, is that, when cutting 
.n Q.Twrvtxr lines, tiiey wiu Tiiaintäin ine üesired 
fineness of point much longer than will steel 
tools* 

Pantograph Engraving Method 

Making the Tentplate.-^rOf the many fac- 
tors that enter into the successful manufacture 
of reticles, one of the most impprtant is the ac-? 
curacy of the template from which the design 
is reproduced. Templates (see Figure 1709) 
are metal plates containing the pattern of lines 
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in several ways, but the two ways most com- 
monly employed are to engrave the necessary 
number of lines directly on the template, or 
else to make a rider which moves in the master 
line of the template and which carries holes 
correctly spaced to receive the tracing stylus 
for making the parallel lines. 

The rider is often used to provide a smooth 
crossing for the tracing stylus where two lines 
intersect on the template, and thus acts to les- 
sen the tendency to break the corners in the 
resist at the intersection. 

The rider is usually made of a piece of brass 
about i/g-mch square with a wedge-shaped slide 
on the bottom which fits the template grooves. 
A small hole is drilled on the top surface of the 
rider, directly over the center of the wedge- 
shaped slide, to receive the tracing stylus. If 
the rider is to be used for making wide lines, 
a series of holes is drilled on both sides of the 
center hole. These holes are spaced so that the 
lilies, when made by the engraving tool, will 
overlap each other by from 30 to 50 per cent 
of their widths* 

A second type of rider is used tö clean out 
the resist where several parallel grooves, have 
been milled in the template to make a wide 
line oh the reticle. This type of rider fits the 
milled template grooves also, but the holes 
which receive the tracing stylus are drilled in 
the rider between the parallel grooves in the 
template. With a rider of this construction, 
the wide lines may be cleaned out quite thor- 

, öughly. 
Engraving the Blank Reticlc^Before ac- 

tual engraving is undertaken, the engraving 
machine must be properly set. At Frankford 
Arsenal two methods are used for setting the 
pantograph engraving machine shown in Figr 
ures 1^09 and 17,10; The first method is used 
when it is known, or suspected, that the center 
of one or more of the reticle holders* when 
fastened in its stage position, will not be propr 
erly aligned with its engraving tool. The sec- 
ond method may be used when it is certain that 
there is proper alignment between the center 
of each reticle holder and its engraving tool. 
In both methods a 'setup center gage' is used; 
A setup center gage is a disk of steel, ör ä steel 
insert in a brass ring, which has the same 
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thickness as a reticle holder with its blank 
reticle, and the same diameter as the holder, 
and which has ä spherical depression in the 
exact center of one surface. The gage is 
ground or lapped until the diameter of the 
depression does not exceed 0.005 inch. 

In the first method of setting the machine, 
the setup center gage is set in one of the stage 
positions of the machine, and the template is 
clamped on the table of the machine in such ä 
position that when the tracing stylus is placed 
at the exact center of the pattern, the engrav- 
ing tools in their holders are approximately 
centered over their corresponding stage pos> 
tions.    Next, the stage containing the setup 
center gage is moved until the center of the 
gage is directly under the point of the engrav- 
ing tool. Now the setup center gage is removed 
by loosening the front one of the three screws 
which are holding it, and is transferred to 
another stage position.    This time the setup 
gage (not the stage), is moved by means of the 
three adjusting screws that hold it on the stage 
until its center is under the point of the second 
engraving tool.    Once more the setup center 
gage is removed, by releasing the front clamp- 
ing screw, and is moved to a third stage posk 
tipn where the centering adjustment operation 
is made again. The procedure is repeated until 
all the stage positions have been centered un- 
der their respective engraving tools.   Since the 
diameters of the setup center gage and of the 
reticle holder are the same, and since only the 
frönt damping screw was loosened when the 
setup  center  gäge  was  removed,  when the 
reticle holders with their blank reticles are 
mounted in the stage positions they will be 
centered properly also.   When this operation 
has been completed, each engraving tool will 
be. lined up with the center of its respective 
stage position. 

A second method for setting the machine 
is to mount a setup center gäge in one stage 
position, and then set the point öf the tracing 
stylus in the exact center of the template. 
Next, the template is moved slowly until the 
point of the engraving tool is directly over 
the center of the setup center gage; When 
the proper location has been found the tem- 
plate is damped iii position on the table.   By 
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Figure 171-0.-r Front View of Pantograph Machine for Engraving 
Ten Blank Reticles Simultaneously. 

this method all the tqols are centered at the 
same time, since each of them has been aligned 
previously with its respective reticle holder. 

Before the actual -engraving is -Started? it 
is advisable to oil the grooves in the template, 
in order to- insure that the tracing stylus will 
slide along them smoothly, as any jerky motion 
will :be reflected in the lines that are engraved 
in the wax resist on the blank reticles. Of 
course^ the grooves must be clean and free 
from dirt and grit, as even the slightest ob- 
struction of the stylus will affect -the pattern; 
Äs a protection against dirt and-also to make 
the wax resist itself respond more uniformly 
to the action of the engraving tool, it is well 

that the engraving room be air; conditioned 
A temperature of approximately 76 °F-, and a 
relative humidity of about 45 per cent provides 
rft' VOVV aajr-ia£a,i*l;aKw «trnnanVlPVA. 

In performing the actual engraving, the 
blank reticles are mounted oh the stage of the 
machine, and the stage is raised carefully until 
the points of the engraving tools enter the wax 
coating and just touch the glass; The stage 
elevation is accomplished by turning the ver-^ 
tical screw in "the /front of the machine; this 
screw is provided with a crank and a circular 
engraved scale which reads in thousandths. 
In case any of the needles do not enter the wax 
sufficiently,  it may be necessary to place a 
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small weight, in the form of a thin washer, 
or individual engraving-tool posts,   From this 
point on, engraving of the reticle pattern in 
the coat of resist is carried out by movement 
of the stylus in the grooves cut in the template. 

Multiplevtoöl Engraving Machine.   Frank- 
ford Arsenal.—This maGhiiie(see Figures 1709 
and 1710) is arranged to transfer the pattern 
of a template to ten blank reticles simultane^ 
oüsly and with a reduction of 15, 20, 30, of 40 
diameters, although a reduction of 20 diam- 
eters is the one that is used most commonly. 
The long arm of the pantograph is supported 
on the table by a ball-bearing post which rolls 
oil ä piece of plate glass laid oh the table for 
the purpose.   The stage of the machine, which 
carries the ten blank reticles in their holders, 
can be moved vertically and in two directions 
horizontally, one parallel to the center line 
of the row of stage positions and the other 
perpendicular to this center line,    All three 
motions are controlled by micrometer adjust- 
ments.    Because of this control, the machine 
can be used as a ten-pläce cross-line machine 
if desired.   The purpose of crossline machines 
is described later in this chapter. 

Eastman Kodak Company.—This machine, 
illustrated in Figure 1711, is designed to en^ 
grave thirty reticles simultaneously, and, while 
using a similar pantograph system to reduce 
the motion of the tracing stylus, incorporates 
several devices which differentiate it from the 
Frankford Arsenal machine described above. 

In this machine the pantograph sections 
are floated on machine oil instead of resting 
on a ball bearing that rolls on a solid table. 
Each floating support (see Figure 17Id.) con- 
sists of a metal pan, about 8 inches in diam- 
eter ^ which carries ah adjustable vertical rod 
at its center that supports ä pantograph tube 
arm. The bearings at all intersections- of the 
pantograph arms are precision balls resting in 
ground* cone-shaped seats. This method of 
support provides for a smooth and almost fric- 
tionless action for the pantograph reducing 
motion. In the Ffankfbfd Arsenal machine, 
the stage carrying, the blank reticles is raised 
mechanically Until the faces" of the blanks 
touch the points of the engraving tools, which 
are clamped in turn in their supporting holders 

attached firmly to. a supporting bar. In this 
machine, the engraving tools are suspended in^ 
dividually in suitable guides by fine resistance 
wires. The stage is raised until the faces of 
the blank reticles are very close to the points 
of the engraving tools, and then, by pressing 
a foot switch, the operator passes a current of 
electricity through the resistance wires and 
heats them. This heating causes the support- 
ing wires to expand, i.e., increase in length and 
thus lower the -engraving, tools onto the faces 
of the blank reticles. This method insures that 
the engraving tools approach the faces of the 
blanks slowly and gently. When the engraving 
has been completed, the foot switch is released, 
the supporting resistance wires cool, contract, 
and thus lift the engraving tools from the 
blank reticles. 

Single-tool Engraving Machines. — The 
method used in engraving on single-tool ma- 
chines is similar to that used on mülti-tpöl 
equipment, except that only one engraving tool 
has to be aligned with one blank reticle. 

George Gorton Machine Company.—This is 
a single-tool machine (see Figure 1712) which 
is used to make special and experimental de- 
signs on single blank reticles when no tem- 
plates are available. Chucks and other special 
fixtures for holding the blanks can be mounted 
on the stage, which is equipped with T-slots. 
In addition* the stage can be moved horizon- 
tally in two directions, perpendicular to each 
other, with lead screws that are controlled by 
micrometer adjustments. Because of this the 
machine can be used as a crossline machine, as 
described later in the chapter. The face of the 
blank reticle is brought into contact with the 
point of the engraving tool by raising the stage 
with a vertical screw located in front of the 

Crossline Engraving Method 

Where the pattern that is to be placed on 
the blank reticle consists of straight lines, the 
work can be done on a crossline engraving 
machine, without using a template; These 
machines contain a chuck which can be rotated 
on closely-fitted bearings, and a carrier or car- 
riage to hold the engraving tool.   The coated 
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Figure 1712.—rGorton Machine, for Engraving a 
Single Blank Keticle. 

blank is mounted in the c^uck in such a way 
that the center of the: blank coincides with the 
center of rotation of the chuck. The position 
of the chuck, and therefore of the blank, can be 
determined by means of a micrometer or ver- 
nier indicator. Oh some machines, the travel 
of the tool is also controlled by a micrometer 
adjustment. 

There are -two principal methods in use for 
engraving crossed or intersecting lines on a 
crossline machine. The first is to start at a 
point of intersection and cut the resist by 

moving either the engraving tool (or the car- 
riage containing the blank)  away from the 
point of intersection.    This method provides 
good corners where the lines meet, but it is 
sometimes difficult to obtain accurate intersec- 
tions, because two or more parts of the same 
line are not drawn with one setting of the 
chuck.   The other method is to use a rather 
thick coat of resist arid draw all lines that 
are parallel arid lie in one direction, raising or 
lowering the engraving tool in its carrier (or 
carriage) as may be necessary.   When the first 
set of parallel lines has been completed, the 
chuck is turned* and another set of parallel 
liries which may intersect some or all of the 
first set are drawn.   This operation is repeated 
until the pattern is complete.   When this latter 
method is used, it is advisable to move the en- 
graving tool through the cut twice in order to 
insure that all the resist has been removed and 
that the lines are clean.   A variation of this 
method is to engrave all the lines in one direc- 
tion, then reiriove the holder with the blank 
reticle and etch the liries (as will be described 
later), then recoat the blanks, return it to the 
machine* adjust it accurately, and cut another 
group of parallel liries.    While this method: 
gives  straight line-intersecCions, but not ak 
ways good corners, it has a, tendency to ruin 
the point of the engraving tool when it crosses 
lines that have been acid etched. 

In addition to engraving straight lines, a 
crossline inachine can be used to engrave cir- 
cles, the centers of which lie at the center of 
rotation of the chuck, by merely setting the 
engraving tool in its carrier (or carriage) at 
the proper distance from the center as deter- 
mined by its microriieter adjustment and then, 
with the engraving tool remaining stationary, 
turning the chuck in its bearings. 

Crossline Engraving Machines. Naval Gun 
Factory (Universal Ruling Instrument) .-r-Axi 
this machine, see Figure 1713, the tool carrier 
is stationary, and the reticle chuck is horizon- 
tal and turns on a vertical axis. The chuck, 
which is. of the watchmaker's universal type, 
is mounted on a cöriipoühd carriage. This car- 
riage moves On longitudinal ways* is controlled 
by a longitudinal-slide hand wheel and dial, 
and can be locked in place by the lead^screw 
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Naval Gun Factory 

Figure 1718,—Universal Dividing aiid KüÜng Instrument. 

clämp. The cross: slide* which carries1 the axle 
of the chuck, travels across and perpendicular 
to the motion of the longitudinal slide and is 
controlled by the cross-slide hand wheel. Fi- 
rially, the chuck itself can be rotated oh its axis 
by the knob which actuates the circular table 
and its Movement can be measured by the. 
circular scale. The vertical niöverffent of the 
engraving 'tool is indicated by the micrometer 
at the top of the tool carrier.* 

Eastman Kodak Companyj-^-This machine 
(see Figures 17i4 and 1715)  is designed to 

. engrave lines of" two different widths on a 
blank reticle and contains three major sections. 
The central section contains ä hinged chuck 

*For ä further description of this machine; see: 
Bureau of Ordnance (Dept;. of the Navy), Optical 
Equipments-Optical Repair Data. Pamphlet No. 
463. ist revision^, pp; 36-38;    July 1942. 

which holds the blank reticle in its holder, and 
which can be rotated about a vertical axis. 
The chuck can be indexed accurately to sta- 
tions 90° apart. 

The two other sections are approximately 
similar to, each other.    Each contains a tool 

that i-rav-els on- two round ways and 
carries an arm which supports the engraving 
tool. Both tool carriages are equipped with 
means for adjusting the position of the arm 
and for lowering the engraving tool onto the 
coated blank in the chucks The brushes on the 
chuck are for cleaning the points of the en- 
graving tools as they pass through. Each tool 
carriage is brought up to the work by moving 
the corresponding lever at the end of the ma- 
chine; While the left-hand tool carriage (see 
Figure 1714) engages a line the full diameter 
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of the blank, the travel of the right-hand car- 
riage (see Figure 1715) can be controlled by 
adjusting the traveWimit, knurled iiuts at the 
rear of the machine. This machine has the 
advantage that, by using properly-aground eri-r 
graving tools, lines of two different widths can 
be engraved on the blank without changing the 
machine. 

PHOTOGRAPHIC ENGRAVING 

In the photographic engraving process, the 
blank reticle is coated with silver or other suit- 
able material, and then, over this coat, is placed 
a photographically sensitive film. The pattern 
is impressed oii this film by projection through 
a lens. Next, through treatment with suitable 
chemicals, the pattern is transferred to the 
underlying coating; After this, the film is re- 
moved and the coating that remains on the 
blank, and in which the pattern has been 'cut' 
with chemicals, becomes the resist.    In the 

etching process which, follows, the blank reticle 
is exposed to the fumes of hydrofluoric acid, 
or to the acid itself, and etching is thus accom^- 
pushed as it is after the mechanical engraving 
process. 

Using a Metallic Resist 

(Minneapolis-Honeywell Regulator Company) 

Mounting on Silvering Disk, -v A ciraular 
plate, i.e., a disk of double-strength window 
glass, is laid over a piece; of paper toweling on 
an electric hot plate on 'low' heat (see Figure 
1716). A piece of filter paperais waxed to the 
disk with bleached beeswax, which is applied 
readily to the wärm glass and paper by rub- 
bing a piece of wax lightly over the filter paper. 
Blank reticles, with the face having the great- 
est chamfer uppermost, are placed on the disk. 
This face is selected so that in the event re- 
grinding and repolishing are necessary, the 
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blanks will not need rechamfering. As soon 
as the blank reticles are arranged properly, the 
disk and its contents are removed from the hot 
plate and allowed to cool until the wax has 
solidified. The wax on the top faces of the 
blanks is removed carefully, so as hot to soften 
the rest of the wax, by means of a small cloth 
wetted with trichlorethylene. The blanks are 
thefi FeMy for cTeariing. 

After being rinsed in distilled water, the 
disk of blank reticles is cleaned with a grease- 
free cotton swab that has been dipped in a 
paste of precipitated chalky and a solution of 
trirsodium phosphate and 'Aerosol' iii water. 
Tue paste is made by adding 25 cc of 10 per 
cent Aerosol solution tö 2000 cc of saturated 
tri-sodium phosphate solution^ It is very im-? 
portant that this paste be kept clean and free 

of any grit or foreign matter by storing it in 
a covered jar; 

Preparing the Silvering Solutions. — The 
silvering method used is known commonly as 
the 'Rochelle Salt method'. Since the silver is to 
be the acid-resistant layer on the glass blanks, 
i.e., the resist, it is quite essential that the 
coating -be continuous, free from holes, strong, 
Una mechanically adherent. Two Solutions axe 
used, 'A', the silver bearing, and 'B?, the re- 
ducing solution., These are mixed in equal 
portions at the time of using. Solution 'A' is 
sensitive to light and should be stored in brown 
bottles out of direct daylight. 

In preparing the solutions, it is particularly 
important that the wate? be free from chlo- 
rides. This should be checked carefully and 
can be done as follows; To a 50-cm Kessler 
tube properly cleaned, add 50 cc of the water 
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to be tested, then pour in 10 <?c of a l-per cent 
solution of silver nitrate. Good distilled water 
will remain perfectly clear and colorless, and 
thus the relative amount Of chlorides can be 
determined by the opalescence produced. 

Silver-bearing Solution. ^ This solution, 
known as solution 'A', is prepared by measur- 
ing out 1200 cc of distilled water in a 2000-ce 
Erlenmeyer flask (»see Figure 1717). To this, 
20 grams of chemicälly-pure silver nitrate 
crystals are added. The flask is agitated until 
the crystals dissolve and then 7-per cent am^ 
monium hydroxide (chemically pure) is added 
in small quantities. The solution will inime- 
diately turn to a muddy tari, then to deep 
brown, but, as more ammonium hydroxide is 
added, it will gradually become clear again. 
The addition of ammonium hydroxide should 
be stopped when tiiesolution becomes a light 
straw color.   If this end point is accidentally 

passed, some ^6-pef cent silver nitrate solution 
should be added to bring it back to the correct 
color. It is important that this color be reached, 
and that it remain for at least 10 minutes; 
since, apparently* it is the determining factor in 
the quality of the silver coating that is finally 
obtained. This solution is now filtered through 
a double thickness of filter paper, similar to 
Central Scientific Company's 'Ceneo' #1525l-B, 
20 x 20 inches. The funnel of the filter should 
hold the entire 1200 cc in one pouring so that 
the preparation of the second solution is not 
delayed. The degree of filtering appears to 
have a bearing on the character of the final 
silver coating; Too much filtering retards of 
prevents the precipitation of collodial silver, 
or else deposits a coating which will not take 
a second layer from subsequent solutions. As 
soon äs the filtering is completed, the volume 
of the solution is increased to 2000 cc with 
distilled water. 

<r 

Mihneapfllis-HpneyioeÜ Regulator Company 

Figure 1716.^Moünting Reticles with Hot Beeswax Prior to Silvering. * 
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Minneapolis-Honeywell Regulator Company 

Figure 1717.—Apparatus for Preparing Silvering Solutions. 

Reducing Sölution.-^rTö make this solution, 
known äs solution *B', 1800 cc of water are 
placed in a 'pyrex' glass dish and 4 grains of 
silver nitrate are added. The mixture is boiled 
Vigorously and 3.32 grams of chemically pure 
sodium potassium tartrate dissolved in about 
20 cc of water are added. The boiling is con- 
tinued for approximately 30 minutes; this will 
cause a bluish-green precipitate to be formed. 
The solution is then filtered through a double 
filter paper of the grade described above. The 
resulting filtrate will be ä pale amber to olive 
green in color aiid should be increased to 
2000 cc with distilied water. 

Silver Coating.—Since the colloidal silver 
is deposited from solution, the glass blanks are 
supported face downward so that any loose 
particles or foreign matter will fall away from 
the face rather than onto it. The disk oh 
which the blanks are mounted is rigidly sus- 
pended frpm< the rotating member of a motor 
(see Figure 1718) by a stainless steel wire spi- 
der,, a rubber suction cup, or similar support. 
The disk is, rotated at 4Q rpm; 8 revolutions in 
one direction and then 8 revolutions in the 
other direction •.   The rotation of the disk tends 

to dislodge any air bubbles or loosely-held 
sludge, while the counter rotation of the solu- 
tion gives a good wiping action and prevents 
centrifugal force operating to pile up all the 
solution at the outer edge of the dish. 

Equal amounts of solutions 'A' and 'B' are 
mixed at the time of immersing the disk so as 
to cover it well. At ordinary room tempera- 
tures, the solutions are spent in just 10 min- 
utes. At the end of this time the residual 
solution is poured out and the dish is rinsed in 
distilled water and filled with fresh solutions. 
After immersion, the disk is turned over and 
the blank reticles are swabbed very lightly in a 
small stream of distilled water to dislodge all 
loose particles so. that subsequent silver coating 
will cover up any voids or holes. 

A small stream of distilled water is used to 
rinse off any olive^drab coating that appears 
on the first coat of silver. This coat may then 
become silver-blue. It has been found to be 
necessary to apply five successive coats of sil- 
ver to blanks that are to be used in precision 
instruments.. At the end of five coatings the 
disk is placed, face up, in a motorized centrif* 
ugal drier and flooded with water.   The lid is 
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Minneapolisr-Honeywell Regulator Company. 

" Figure 17-18'.—Apparatus for Silver Coating Blank Reticles. 

held securely over the centrifuge and the disk 
is brought up to a speed of 1725 rpm, and then 
the motor is turned off. While still running 
smoothly, the lid is removed so that the faces 
will dry. After the motor has coasted to a 
stop* the glass is examined for cleanliness and* 
if necessary, the .washing in the centrifuge is 
 l 3 repcaicuj 

Removing from Silvering Disk. ~— Before 
removal of the blanks from the silvering disk, 
they are polished with dry precipitated chalk 
on a chamois skin stretched over plate glass. 
Next, the silver is cleaned from the back of the 
disk with ä pad of 'Birdseye' diaper cloth wet 
in concentrated nitric acid (HNÖ3). This is 
neutralized with = a pad wet with ammonium 
hydroxide (NH-4OH), and then the ammonium 
hydroxide is washed off with distilled water 
(see Figure 1719).    After this, the disk of 

blanks is taken into a dark room and examined 
for holes in the coating with a 5-power magni- 
fier, using light transmitted through the disk* 
If no holes, or only a few holes which will not 
interfere with the design, show in each blank, 
the plate is stored in the dark for at least 12 
hours to permit all absorbed water to evapo- 
rate and to. Allow the silver coating, to become 
hard and firm. Several blanks should be pol- 
ished lightly with chamois and chalk to make 
sure that there are no covered pinhöles. If 
there are too many holes, the entire plate 
should be examined* and if unfit for use, 
stripped and feplated. 

If, after 12 hours of drying, and subsequent 
polishing with chalk on chamois, the coating is 
still satisfactory, the disk is placed on a paper 
towel over a hot plate at a low heat in order to 
remove the blanks.    When the disk becomes 
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Minneapolis-Honeywell Regulator Company 
Figure 1719.—Washing Disk of Silvered Blank Keticles with Distilled Water. '4 ••><) 
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hot to the touch* about 140°F., it is lifted off 
the paper and the blanks are carefully picked 
out of the soft wax and placed oh soft cloth in 
a shallow dish of trichlorethylene warmed to 
80°F.   After cooling, the blanks are placed in 
a suitable holder on a motor shaft and spun at 
8400 rpm to remove the wax and trichlorethv 
ylene.   Then fresh trichlorethylene is poured 
on the blank reticle, the blank is allowed to 
soak for several seconds and is spun as before. 
This procedure is repeated until the blank is 
clean.   The cleaning may be improved by using 
a small swab of cotton wet in trichlorethylene. 

Polishing, — The silvered blanks are pol- 
ished by hand rubbing on the chamois covered 
plate^gläss surface, using precipitated chalk. 
This polishing is done so that the coating of 
photo-sensitive enamel to be applied later will 
be smooth and even.    Special care must be 
exercised to keep the precipitated chalk per- 
fectly free of all foreign matter, and the cham- 
ois skin should be handled carefully and stored 
in a clean place when not in use.   The grade of 
precipitated chalk made by Merck & Company, 
Inc., Rähway, N. J., or by Central Scientific 
Company, Chicago,, 111., is quite suitable. After 
the blank reticles, have been cleaned and pol- 
ished, they are again inspected in a dark room, 
using a 5-ppwer magnifier and transmitted 
light.   Any blanks with defects which are likely 
to come close to the engraved pattern are set 
aside for resilvering, but if the silvering is 
good in an area where the pattern could be 
placed, the blank is marked on the edge with a 
china-rmarkihg pencil to indicate to the photo- 
engraver  where the bottom of the pattern 
should be placed -in order to miss silvering 
defects,- It is possible..to...get continuous* heavy, 
hard coatings of silver if this procedure is fol- 
lowed carefully, but no small detail can be 
overlooked.   Even the method of filtering, us- 
ing one,, two, or three layers of paper has a 
very definite effect on the particle sizes sus- 
pended in the solutions and hence determines 
the speed of precipitation and the nature of 

< the silver coating, 
Photographic Sensitive Coating. —- The 

blank, silver-coated reticle is placed on ä mo- 
tor^d'riveti spinner (from 1800 to 3200 rpm) 
which is directly under the heated-air pipe pf 

mm 

the engraving cabinet (see Figure 1720). The 
air is held at a temperature of 180 to 184° F. 
and should be passed through a Westinghpuse 
-precipitron' unit, or equivalent, to clean it. 
The spinning blank is cleaned again by holding 
a cotton swab soaked in fresh trichlorethylene 
against it. When the blank has dried* a few 
drops 'Of 'engraver's cold-top enamel' is dropped 
on it with a medicine dropper and allpwed to 
dry for 15 seconds. Another application of 
enamel is made while a razor blade is held at 
the edge of the blank. This will affect the 
thickness pf the coating alsor 

Exposing.^-r-The blank reticle is placed in ä 
printing holder and exposed to a light for ap- 
proximately 60 seconds, Which should copy the 
exact width of the lines in the master. A lon- 
ger exposure will reduce the width of the lines 
of the pattern* 

Developing.—After exposure to a light, the 
reticle is held in a small test clip and develpped 
in purple-stained develpper for- 20 seconds 
which removes the uiiexpesed enameh Then 
the blank is washed through two rinses of dis- 
tilled water and spun in the spinner to remove 
all rinse water. After this, the blank reticle 
is rinsed on the spinner with trichlorethylene 
to remove any grease. 

Removing the Visible Silver.—The surface 
is first swabbed with a small tuft of cotton on 
the, end of a. toothpick, or with a camel's-hair 
brush: Next the silver coating that has become 
visible by the action of the develpper is re- 
moved by applying a mixture of potassium fer- 
ricyanide and hypo solutions separately from 
dropping bottles. This mixture, whose strength 
may be varied considerably to suit the operator, 
is known to photographers as 'Farmer's re- 
ducer1 ? The reticle block is swabbed again when 
the silver has been removed, to make sure that 
the pattern is clean. If this is not dpne, the 
etching will be very irregular and uneven; In 
fact, further cleaning, is sometimes necessary. 
This is done by soaking the blanks in one part 
trisodium phosphate sPlutipn for about 15 min- 
utes: at room temperature, and washing in 
distilled Water, Finally the blank reticles are 
washed by soaking in distilled water for about 
15 minutes>,af ter which a group of ten or twelve 
are dried on the spinner under a Warm air blast 
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HSA.TBB AIR 
PIPE 

SILVER-COATED,   BIAfcK 
RETICLE  On  SFI^rSP 

Minneapolis-Honeywell Regulator Company 

Figure 1720,—Apparatus for Applying Photographic Emulsion to Blank Reticles. 

(from the precipitron), in the engraving cab- 
inet. Two additional rinses of distilled water 
are applied to the blank reticles while on the 
spinner. 

Touching Up.—After the visible silver has 
been removed, the blank reticles are inspected 
under ä microscope for pinnules and excellence 
of patterm If the blank is found to be reason- 
ably free from defects (up to 12 pinholes are 
permissible) it is ready to be 'touched up'> 
This is done to cover any pinhöles or other 
defects and thus protect the face from the 
hydrofluoric acid at undesirable points in the 
etching process. To prepare the reticle blank 
for touching tip, the recess in a holder is given 
a coating of asphaltum and, while still wet, the 
blank reticle is placed in wet asphaltum which 

cements it into the holder. Then the large 
silvered areas are masked in roughly with a 
brush dipped in asphaltum dissolved in trichlo- 
rethylenei After this, the holder with the 
masked-in blank reticle is placed on the illu- 
minated töüch-up box (see Figure 1T21) and 
each pinhole is covered with a drop «f beeswax 
applied with an electric needle. The electric 
needle is essentially a small twisted wire loop 
made of #40 enameled nichröme resistance 
wire attached to a handle about the size of a 
lead pencil. This is heated sufficiently to melt 
the wax by a current from a 2j-volt a-c supply 
which is adjusted by means of a rheostat to 
about 125 milliampereSi In use, the needle is 
touched to a small lump of bleached beeswax 
so that it picks üp ä tiny drop of the wax at 

Wr 
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the 'edge' of the loop. This drop is then 
touched to the blank reticle surface over a pin- 
hole or imperfection. By 'inching' these drops 
along toward a line it is possible to patch right 
up to the pattern itself. When the töuching-up 
has been completed, the blank reticle is given 
a final inspection for pinholes to insure that all 
holes have been covered with wax. The edge 
of the face is given another coat of asphaltum, 
and the back is covered completely with as-- 
phaltum. 

Using a Non-metallic Resist 
Some efforts are being made to develop ä 

nön-metallic resist that will be photographi- 
cally sensitive, so that the blank reticle can be 

coated with this resist and' exposed tö a projec- 
tion of the pattern. Then, when this pattern 
has been developed, the spaces between the 
lines will become impervious to hydrofluoric 
acid, while, at the same time, the developer 
will change any part of the film that is a line 
of the pattern in such a way that it can be 
removed and thus expose the glass under it tö 
the action of the hydrofluoric acid. 

ETCHING 

Etching consists of exposing that part of 
the glass face of the blank reticle, that is not 
covered by the resist (wax or silver coating),, 
to the fumes of hydrofluoric acid or to the 

iizw&mitstäb ¥quG&kJ? BOJC 

MICROSCOPE FOR LOCATING 
DEFECTS IN SILVER CÖÄT. 

ÖP  BLANK 

Minneapolis-Honeywell Regulator Company 

Figure 1721.-^Appäratus ior Touching Up Pinholes in Silver Coat of Blank Reticles. 
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liquid acid itself. In general, the longer the 
glass is exposed to the action of the acid, the 
deeper the lines of the pattern that will be 
etched into the glass. 

AH etching, whether by the use of fumes or 
liquid acid, should be done in a fuming hood 

that is equipped with an exhaust pipe or flue 
which will draw away the acid fumes, and the 
operator should wear rubber gloves to protect 
his hands. Hydrofluoric acid in either vapor 
or liquid form is destructive to both skin and 
lung tissues. 

1 

Figure 1722.—Blarik Reticle Exposed to Hydrofluoric Acid Fumes. 
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Figure 1723.—Applying Hydrofluoric Acid to Blank Reticle with a Swab. 
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Frankfofd Arsenal 

When the blank reticle has been properly 
engraved and inspection shows that it is ready 
for etching, a handle^ such as that shown in 
^Figure 1722 is screwed into the tapped hole in 
the holder. 

If the etching is by a vapor application, the 
blank is held over the opening in the top of the 
lead container of hydrofluoric acid, with the 
coated face down (see Figure 1722). If the 
etching is by a liquid application, it is done 
with a swab held in the operator's fight hand 
as shown in Figure 172^^ while the blank is 
held face up, but still over the lead acid con- 
tainer in order that any drippings will fall 
back into the container. 

Figure 1724 shows two types of large hold- 
ers, each used by Eastman Kodak Company to 
mount five blank reticles in individual reticle 
holders. This arrangement may be used for 
etching five blank reticles at önce, provided an 
acid container with an opening large enough to 
allow simultaneous exposure of all five blanks 
is employed. 

For vapor, etching of narrow lines, 10 to 12 
seconds, is usually sufficient time to produce a 
proper depth for filling. For liquid etching of 
wide liriesi the time requirement varies with 
the job and can best be evaluated by trial. The 
usual time is from Va to 2 seconds. In either 
case, when the etching is completed, holder and 
blank are plunged into; ä tank of fresh water 
or a stream from a faucet. -/ • 

Removing the Resist. — The holders with 
the blanks face down are then placed on a low 
temperature hot plate which has been covered 
with paper.^^A_gfiöd paper for this purpose is 
ordinary newspaper stuurc. :OUUi  poycr  IO  uuv. 

glazed and has good absorbent qualities. 
When the temperature of the holder be- 

comes warm to the touch, the reticle and bees- 
wax may be forced out of it with little effort. 
(The beeswax may subsequently be used until 
it becomes top thoroughly contaminated with 
gilsonite,, when a clean batch must be prepared.) 
Next> the etched blanks are placed in metal 
racks having V-shaped sides, and hung in the 
vapor area of a trichlorethylene degreasef. 
(See Chapter 23.) 

When the remaining wax is washed off, the 
blanks are removed from the rack and placed 
in a shallow pan of alcohol, the bottom of 
which is lined with paper or cloth to prevent 
scratching of the faces. The blank reticles are 
cleaned with alcohol and a soft cloth, and are 
then examined with a magnifier for imperfec- 
tions of lines and faces. The pattern is checked 
carefully with a microscope or comparator and, 
if satisfactory, the lines are ready for filling. 

Filling.-^The material used for filling the 
etched lines of reticle patterns is composed of 
an adhesive, sodium silicate (,Na2Si03), mixed 
with a pigment. Titanium dioxide (Ti02), 
manganese dioxide (Mn02), black magnetic 
iron oxide (Fe3Q4), and lampblack are the 
more common pigments used. (See Chapter 25 
for further information concerning filling ma- 
terials.) 

Whatever pigment is used, the same gen-r 
era! filling procedure is employed at Frankförd 
Arsenal.   The firststep is to inspect the reticle 
thoroughly with a 10-ppwer magnifier against 
both a light and a dark background (see Chap- 
ter 24).   If this shows that etching has been 
satisfactory,, the reticle is clamped in a, holder 
(see Figure 1725)  with the etched face up- 
ward.   Next a drop of two, depending on the 
area to be covered, of a well-shaken solution of 
sodium silicate is applied to the surface of the 
reticle,, using the rubbef stopper of the bottle 
as ah applicator.    After this, the pigment is 
added to the sodium silicate and mixed with it 
by stirring with the end of a finger.    The 
amount of silicate and pigment to be used der 
pends more on the area of the pattern than oh 
the nuriiber of lines that it contains.   Since the 
adhesive contains sodium -silicate, the mixture 
soon begiiis to äir-ufy.    When the Consistency 
of the filling starts to become tacky, the excess- 
material must be removed, and then a finger 
covered with one or two layers of soft clean 
cloth, is moved in even strokes across the face 
of the reticle.   The strokes are made the full 
length of the finger, turning the bottom of the 
finger forward arid upward so that ä clean 
area of the cloth is always presented to the 
face,   This helps to prevent scratches.    Care 
should be taken that the motion of the finger 
is always across the etched lines. 

<j> 
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COATED SQUARE BLANK 
RETICLES IN INDIVIDUAL 
HOLDERS MOUNTED ON 
IAR3B HOLDER 

COATED CIRCULAR BLANK' 
.RETICLES IN INDIVIDUAL' 

HOLDERS MOUNTED ON' 
LARGE HOLDER 

Eastman Kodak Company 
Figure 1724.—Blank Reticles in Holders Mounted on Larger Holders for Etching. 
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When the lines are filled and opaque, the 
faces are again cleaned with alcohol and a soft 
cloth, and are examined for scratches in the 
same way they were inspected before the fill- 
ing operation was started. Sometimes a small 
amount of the filling material stays on the edge 
of the reticle. This can be removed by rubbing 
the edge with a motor-^driven eraser as shown 
in Figure 1726. 

Minneapolis-Honeywell Regulator Company 
In this method, etching of both narrow and 

wide lines are accomplished by exposure to 
hydrofluoric acid fumes, without direct contact 
of the liquid acid. 

To assist the etching process, the blank 
reticles are placed in a cooler and, held at a 

temperature of 40°F. for at least y% hour, 
before etching. This cooler consists of a metal 
tank placed inside a larger insulated nletal 
tank, with chipped ice used as a refrigerant 
between the two. The temperature of the air 
in the etching room is held at about 76°T., and 
the relative humidity at about 32 per cent. It 
is important that the temperature of the blank 
reticles as they come from the cooler be below 
the 'dew point' of the air in the etching room, 
because then a thin film of moisture forms on 
the bare glass surfaces in the lines when the 
blank is placed over the opening in the acid 
container. The quality of the etching that isob- 
tained is improved with this moisture present. 

After the blanks have been in the cooler for 
at least V% hour, they are taken out, one at a 

HARD RUBBER 
/    ADAPTER 

CHUGK 

Figure 1725,—Reticle Holder Used While Filling Etching; 

\Q 
8r 

i3SF«»»isäS^i*s$jeBää 



<;>• 

1781 

Minneapolis-Honeywell Regulator Company 

Figure 1726.r^Motpr-driven Typewriter Eraser Used to Clean Eeticle Edges. 

f 
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time, placed ön the hydrofluoric acid container, 
and exposed to the fumes at room temperature 
for the proper length of time to give a good 
clean etch. This time must be determined for 
each grade of glass by trial and error; it is. 
recommended that the blanks of each type and 
grade of glass be kept separate and etched in 
groups, using ä time exposure that is most 
suitable to each. 

Upon completion of exposure, the blank is 
placed in a bath of running water to remove 
any remaining hydrofluoric acid, then in tri-r 
cMöröthylene to remove the asphältum, and 
finally it is placed face down oh a diaper cloth 
in nitric acid to remove the silver. After this, 
it is again washed in running water, and the 
reticle pattern is checked, Finally, it is again 
placed in trichlorethylene to await filling. 

NONrETCHING METHOD OF APPLYING 
RETICLE PATTERNS 

In this, group of methods, the lines of the 
pattern are placed ort the blank reticle by de- 
positing material on the face of the glass in- 

stead of filling in an etched depression. While 
this method dispenses with the use of hydro- 
fluoric acid with its attendant dangers, the 
lines that are produced are raised from the 
face of the reticle rather than flush with it, 
and hence are more susceptible to injury from 
rubbing or other mechanical action. 

One of the above methods consists of evap- 
orating a metal on the face of the blank 
through a pattern cut in a mask which is 
made by either a mechanical or a photographic 
process. 

Another method that is being developed for 
placing a. pattern on a blank reticle consists 
simply of coating the blank with a photograph* 
ically sensitive film, projecting the pattern 
upon itj developing the blank with a suitable 
photographic developer, and then impregnat- 
ing the lines of the pattern which are in the 
film with a dye or pigment, and finally harden- 
ing the whole by baking. 

While both of these 'non-etching' methods 
are in limited Use, they are still considered to 
be in the developmental stage. 
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The application and design of a prism may 
require the silvering of one or more entire 
faces, or only a small strip of silver on one 
face. Ibi either case, the entire face (or faces) 
of the prism is silvered after polishing. If only 
a small strip of silver is required on a face, the 
silver on that face is then cut* and the unneces- 
sary silver is removed. 

A coating may be applied to a polished glass 
surface by either chemical or physical action. 
Application of a silver coating by means of 
chemical deposition is discussed in this chapter. 
(For a method of applying a silver coating by 

physical means, see Chapter 19, Evaporated 
Film Coatings.) 

A face that is to be silvered is thoroughly 
cleaned,, and then colloidal silver is deposited 
pii it by an oxidation-reduction reaction, after 
which it is electroplated with copper. The 
coated face is covered with wax to protect it, 
while any undesired coating on other faces is 
removed by dissolving it with nitric acid. If 
only a strip of silver is required, cuts are made 
through the wax and metal coating, and are so 
spaced that the desired strip is obtained. After 
.all surplus coating has been removed, the wax 
is removed.. Then if the coated face which re- 
mains is not to be cemented, it is protected 
with an application of lacquer. In the case of 
the ocular "A" prism (Figures 115 and 116), 
ho lacquer is applied because the face contain- 
ing the silvered strip is subsequently cemented. 
A standard type of milling machine equipped 
with a modified cutting head carrying a spe- 
cially sharpened cutting tool is used for mak- 
ing these cuts. 

The efficiency of the silvering procedure is 
measured by the degree of adhesion obtained 
.bfitween the glass face and the silver.;. Further;, 
when only a strip of silver is required, the tex- 
ture of the deposited silver must be such that 
it will be possible to cut an even, regular edge. 
The degree of adhesion of the silver to the 
glass prism face depends upon several factors, 
the most important of which is the cleanliness 
of the face. The texture of the silver coat 
varies with the conditions under which it is 
deposited. 

SILVERING PRISMS 

Preliminary Inspecting. ^ Prism faces, 
which are to be silvered, are cleaned with 
cheesecloth moistened with alcohol, aiid are 
then inspected thoroughly for pits, scratches, 
or poor finish. The prism is held in the beam 
of a microscope lamp while its surface is ex- 
amined with a magnifier. A 10-power magni- 
fier with a 50(Vwatt microscope lamp is used 
for inspection of ocular "A" prisms, and a 
5-power magnifier with a 120-watt microscope 
lamp,, or a 250-watt incandescent lamp, is used 
for other prisms. Except in the case of the 
ocular "A" prism, whose faces must be highly 
polished and entirely free of defects-^since the 
prism is placed in the focal plane of an instru- 
ment—very slight scratches or pits of face 
may be permissible. 

Cleaning.—After inspection, the faces that 
are to be silvered must be thoroughly cleaned; 
A photographic-type tray, of a size depending 
on the size and number of prisms to be silvered 
at one time, is filled with enough distilled water 
to cover the prisms. Cleaning should be done 
at a sink equipped with a mixing valve and 
supplied with hot and cold running water. 
Some dry calcium carbonate is picked up on a 
wet swab and rubbed gently over the face to be 
silvered, the prism being held in one hand and 
the swab in the other. The rubbing is done 
with a circular motion, making sure to rub all 
the way out to the corners Of the prism, since 
the bevels as well as the face itself must be 
cleaned. Once the cleaning process has begun, 
the face to be silvered must not thereafter be 
touched by anything but the cleaning materials. 

When the face is cleaned, it is held under 
lukewarm tap water until the calcium carbon- 
ate is entirely washed oil. Cleanliness can be 
tested by wetting the face under the tap, then 
removing the prism,, and holding the face in a 
horizontal position. If the face is hot clean,, 
water Will stand on the surface in small pud- 
dles. If it is clean, water will cover the face 
from one bevel to the other, leaving no puddies. 
Before the prism can dry,, it is immersed imme- 
diately in the tray of distilled water, taking 
care that the face to be silvered does hot touch 
the bottom of the tray. 
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Silvering; Apparatus.^Three separatory 
funnels (see Figures 1801 and 1802) are at- 
tached to a ring stand so that their contents 
can be allowed to drip into a 4-iiich-diametef, 
6-ineh-steni funnel mounted directly below. A 
4-inch^diameter, 3-inch-stem funnel, Used to fil- 
ter solutions into the three separatory funnels, 
is placed in a ring at the top of the stand. A 
wooden block plaeed on a ring under the 6- 
inch-stem funnel supports the holding fixture, 
which in turn holds the face horizontally while 
it is being silvered. The entire apparatus is 
supported above a bowl, pan, or sink which is 
used to collect the spent solutions. When silr 
vering a number of prisms simultaneously, the 
6rinch-stem funnel is oscillated by means of a 
converted electric windshield wiper so that the 
solutions are applied over the entire area to be 
silvered. Two 250-^cc beakers, filled with dis- 
tilled water, are placed to one side of the ring 
stand, and in one beaker is placed ä pair of 
glass tweezers, a swab stick, and a pair of 
metal clamps. One 1000-cc beaker containing 
tap water, and a 1000-cc beaker containing 
absorbent cotton are also placed within easy 
reach. 

Silvering Operalion.-^—After the apparatus 
and the tray with the prisms are ready, the 
first separatory funnel is filled through the 
short stem funnel with distilled water. Then 
the reducing solution and slivering solution 
('Brashear's Formula') are filtered into the sec- 
ond and third separatory funnels, respectively. 
The filter used for the reducing solution is re* 
placed with a clean filter after washing the 
funnel with distilled water, After the separa- 
tory funnels are filled^ the solutions are allowed 
to drip into the oscillating funnel in the pro- 
portion of two drops of silvering solution to 
one drop of reducing solution, while sufficient 
distilled water to keep the entire face wet is 
dropped from the other separatory funnel. 
Water is added because any silver that adheres 
to a dry spot will leave a. yellow stains 

After the drippings are properly regulated, 
the prisms to be silvered are picked up with 
the glass tweezers and placed in ä holding fix^ 
ture which, in turn is placed on the werk block. 
(In Figure 1801 is shown a holding fixture for 
several ocular "A" prisms. Figure 1803 shows 
another type of holding fixture which is used 
when silvering two faces of two penta prisms. 
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The latter fixture permits two penta prisms to 
be rotated back and forth, so that first one pair 
of faces, and then another pair, are exposed to 
the silvering solution.) The solution is allowed 
to drip for about 2 minutes, when the silver 
coat should begin to appear as a mirror-Hke 
surface. At this point, the surface of the sil- 
ver is swabbed with distilled water at intervals 
öf 1 minute, for the purpose of removing any 
precipitated impurities* dirt, etc. In this oper- 
ation, the swab is worked gently back and 
forth over the surface of the silver, while the 
solution continues to drip. After each swab- 
bing, the cotton is removed from the stick and 
placed in the 1000-cc beaker of tap water, the 
stick is rinsed in one of the beakers of distilled 
water;, rewound with cotton, placed in the other 
beaker of distilled water, and is ready for 
re-use. 

When the silver coat is thick enough, which 
usually requires about % minutes, it appears 
chalky white. The prisms are then removed 
singly from the fixture by means of the metal 
clamps* and placed under lukewarm tap water 
to remove any excess silvering solution. (In 
the case of penta prisms held in a fixture such 
äs that shown in Figure 1803, the operation is 
the same, except that both prisms must first 
be removed from the fixture.) Since several 
prisms may be silvered consecutively, the silr 

KNURLED NUTFOR 
ROTATION OF 
PRISMS 

»AIR OF,PENTA PRISMS 

SPRING TO PREVENT 
UNCONTROLLED ROTATION 

I fei 

# 
Figure 1803.—Holding Fixture for Turning Two 

Penta Erisms While Silvering. 

vering solution is allowed to continue dripping, 
and swabbing is continued at intervals of about 
1 minute until the last prism is removed. 

Copper plating. Apparatus- -^ Direct cur- 
rent must be used in copperplating. The elec- 
trical apparatus (see Figure 1801 and 1804) 
consists of oi«e 6-volt rectifier and transformer, 
with an ammeter in the 6-volt circuit. The 
positive wire from the rectifier is clamped to 
the copper anode which is immersed in an up- 
right position in a 1000-cc beaker of copper 
sulphate solution. The prism is placed in the 
same beaker, with the silvered face, which is 
to be copperplated, facing the copper anode. 
The negative wire from the rectifier is then 
connected to the metal clamp which holds the 
prism. With penta prisms where two silvered 
faces are to be copperplated at one time* a 
semicircular copper anode (not shown in illus- 
trations) is used so that the current can strike 
the prism from any angle within 180p. A tray 
of alcohol large enough to permit the prism to 
be immersed completely is also at hand. 

Copperplating Operation. -^ The prism is 
rinsed with tap water, and is then immersed 
immediately in the lOOO^cc beaker of copper 
sulphate: solution. The metal clamp holding the 
,prism is connected to the negative wire from 
the rectifier, the plating current of 1 ampere 
is turned on for 6 seconds, and pure copper is 
deposited electrolytically on the silvered face 
(or faces,, in the case of a penta prism). Next, 
the negative wire is removed from the clamp 
holding the prism, and the prism and clamp are 
taken out and washed, first, under lukewarm 
water and, second, in pure grain alcohol, so äs 
to remove all excess copper sulphate solution. 
All the copper sulphate solution must be washed 
off, because any crystals that remain will cor- 
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When the plating operation has-been completed, 
the apparatus should be cleaned as discussed 
under "Gleaning the Apparatus" later in this 
chapter. 

Heating the Prism.-^-After the copperplat- 
ing process has been completed, the prisms, are 
placed in an electric oven (see Figure 1801), 
together with a wide-mouth bottle, containing 
a wax solution similar to that used for etching 
reticles  (see Chapter It),    Both prisms and 
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Figure 1804.—Apparatus for Gopperplatirig Prisms. f- 

wax are heated to approximately 115°F. About 
Yz hour is required to dry the prisms thor- 
oughly and heat them sufficiently for satisfac- 
tory wäxing. 

Waxing the Prism.—There are two meth- 
ods of applying wax to the silvered faces, one 
method being used on those faces which are to 
remain entirely silvered, and another being 
used when the silver is to be cut and removed 
so as to leave only ä strip' of sliver oh the face. 
In each case the prisms are removed one at a 
time from the oven just previous to waxing* 
In each case, also, care is taken that the prism 
and the wax are of the same temperature} so 
that the wax will adhere properly. 

If the entire face is to remain silvered, the 
wax. is applied over the silver-coated, face with 
a, %-ihch camel's-hair brush. If the silver on 
the face is >to, be cut, the prisms are dipped into 
the wax and withdrawn sjowly, and at a uni- 

form rate, so as to insure an even thickness 
of wax. 

After application by either of the above 
methods* the wax on those surfaces wMeh are 
hot silvered is rubbed off with cheesecloth 
moistened with xylol. 

Removing Excess Plating. — When the 
prism is cool, a porcelain bowl (see Figure 
1801) is filled with concentrated nitric acid 
diluted with- 5 to 10 per cent of water, and the— 
surfaces of the prism which are not waxed are 
immersed for a few seconds in it until all ex- 
cess plating is dissolved. The waxed faces 
must be kept out of the nitric acid,, to prevent 
any pinholes forming in the wax, Next*, the 
prism is washed in lukewarm water to remove 
the nitric acid, and is then dried with cheese-- 
cloth. 

. Inspecting. — The silvered face is illumi- 
nated with a 125-watt microscope lamp and 
inspected with ä 5-power magnifier, (10-power l^ 
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for ocular "A"), for uniformity, scratches, pin- 
holes, pits* or stains, by looking at the silvered 
fape through an open polished face of the prism. 
If the silvering is stained, the plating is re- 
moved by dissolving it in nitric acid and then 
repeating the plating operation, but if there 
are scratches or pits, not only is the plating 
removed, but the prism itself is again blocked, 
fine ground, and polished as described in Chap- 
ter 11. (Sometimes silvering reveals minor de- 
fects which previous inspection of the polished 
faces has not revealed.) 

Finishing Operations. Removing Wax Coat- 
ing.—-After inspection, the wax coating is re- 
moved by soaking the prism in xylol. Finally, 
the prism is dipped in chloroform to insure the 
complete removal of all traces of wax. 

Permanent Protective Coating-^-Wheh the 
plated faces are free of wax, a coat of shellac 
is brushed on, and after allowing 5 to 10 min- 
utes for it to dry, a black spray lacquer is ap- 
plied over the shellac; Any black* fast-drying 
spray lacquer that will not be injurious to the 
silver may be used. This second coat must 
also be allowed to dry. 

Cleaning and Wrapping. -^ All unsilvered 
surf aces are cleaned with cheesecloth moistened 
with alcohol, dried, and the finished prism is 
wrapped in lens paper. 

Gleaning the Appamtus.-^ThQ unused and 
spent silvering solutions are poured down the 
drain immediately after finishing each job. In 
addition, any prepared silvering solution (Bra- 
shear's Formula) should be discarded after 2 
hours, because it may become explosive. The 
funnels and bowl are washed with nitric acid 
to neutralize any traces of solutions adhering 
to them. Unused reducing solution and dis- 
tilled water may be allowed to remain in the 
separatory funnels, but the copper sulphate 
solution is poured back into its bottle. The 
water is drained .off the cotton swabs, nitric 
acid is poured on them, and then they are 
rinsed thoroughly in tap water and thrown 
away. All beakers and containers are washed 
with distilled water. 

SILVER CUTTING OCULAR "A" PRISMS 

Sharpening the Cutting Tool, ^- A small 
amount of levigated alumina is mixed with 
about 6 drops of lard oil on a 5-ir.dh. 'Arkansas 
Hard Stone' to form a thin paste which is then 
spread over the entire surface of the stone; 
The cutting tool (see Figures 1805 and 1806), 
is held with the longest fiat surface on the 
stone as illustrated in Figure 1807 (a) * and 
moved back and forth across it for about ten 
strpkes, to remove rust or any blemishes on the 
surface of the tool.   Next the side of the tool 
is held on the stone (Figure 1807(b)), so that 
the cutting edge makes an angle of about 20° 
with it and the tool «is moved from side to side 
for about twenty strokes.    Then the tool is 
turiied on its other side and this operation is 
repeated.    The tool is tapered in this fashion so 
that the resultant cut edge of the plating will be 
beveled slightly to give it additional strength. 

Now the tool is inserted in a sharpening 
fixture   (see Figures 1805, 1808, and 1809), 
and di*awn up until the cutting edge clears the 
bottom of the fixture.   This fixture is composed 
of ä central and an outer part.   X central part, 
which has ä setscrew to clamp the tool, can be 
rotated iii the outer part, and is held in the 
proper position by a setscrew in the outer part. 
The central part must be adjusted so that the 
cutting edge of the tool will be ground perpen- 
dicular to its longitudinal axis.   The fixture is 
set on the surface of the stone.   The cutting 
edge of the tool is then lowered gently until it 
touches the surface of the stone and the set- 
screw in the central part tightened so that the 
tool is held firmly, but is still able to slide up 
and down in the fixture.   When this has been 
done, the tool and fixture are in position for 
sharpening.   The right thumb is then pressed 

. I;_I_J.I -__   i.i i i   _.c   1.1 +...xi.i i 1.—lLi-JL- 
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projects from the fixture* and the fixture is 
grasped with fingers of both hands as shown 
in Figure 1810. The fixture with the tool is 
moved across the Surface of the stone for 
twenty to thirty strokes* taking care that the 
pressure on the tool and fixture is equal, to 
prevent the fixture from riding up On the tool 
during the stroke. After the tool has been 
ground, both the bottom and beveled surfaces 
must show sharp corners and edges when ex- 
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Figure 1807.—Positions of Cutting Tool for Sharpening. 

» 

amiried with ä 10-power magnifier. Now the 
whole sharpening operation is repeated, using 
ä second Arkansas Hard Stone, except that 
only I drop of lard oil is used in making the 
thin paste. Once more, the edges must be 
straight, the corners sharp, and the surfaces 
uniformly smooth when examined with ä 10- 
power magnifier. 

Setting Up the Machine; -^- The tool is 
mounted in the cutting head of a bench miller, 
modified as shown in Figure 1811. The table 
of the miller is löwered, and the counterweight 
of the cutting head is thrown all the way back 
^-thus raising the cutting tool. Next, the vise 
(Figure 1812) is mounted on the miller table 
and set at an angle of about 5° to the table by 
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Figure 1808.—^Fixture for Holding Tool While Sharpening. 
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2*-OUTt!NG TOOL 

OUTER PART OF 
FIXTURE 

WHEN TOOL IS POSITIONED AS SHOWN IN THE TWO VIEWS, 
SETSCREW A IS TiGHTENEDTO HOLD THE JIG IN POSITION, 
AND SET SCREW B 15 TIGHTENED TO ALIGHT CONTACT 

WITH TOOL. 

Figure I809.^r-Bosition of Tool in Sharpening Fixture. 

turning the leveling thumb screws with the 
right end of the vise about 5° high. 

Then the Ocular "A" prism(see Figures 115 
äiid 116"A") is set in the vise, with paper 
under the prism, to protect it from scratching, 

and held by tightening the clamping thiBtöfo 
screw. 

Cutting the Silver.^-The tool, carried in 
the cutting head, is löwered carefully so that 
it rests oii the surface of the prism and just 
clears the bevel at the front of the prism. Now 
the silver is cut by drawing the table towards 
the operator steadily and continuously until 
the cutting tool reaches a point just short of 
the bevel on the back of the prism, when the 
table is stopped and the cutting head is raised* 
All the sighting for this operation is done with 
the large right-angle reflecting prism shown in 
Figure 1811. This gives a side view of the 
cutting tool so that the operator can see where 
to place the tool for starting the cut, and when 
to stop the cutting and raise the tool. 

The prism is taken out of the vise and in^ 
spected under a 100-powef microscope, using 
a 125-watt microscope lamp (see Figure 1805). 
The silver plating must be cut so that its edge 
will appear straight, smooth, and without any 
irregularities. A ragged edge can be corrected 
by an additional cut, but care must be taken 
to remain within the specified tolerance. 

Figure 1810.^rPositioh of Fingers While Sharpening ä Cutting Tool. ;*»9 
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GOM^ERWEIGHT 

C!?T!JÜENG:t$W 

-REFLIGTIUG PRISM 

Figure i811.—Bench Miller Set Up for Cutting Silver on the Side Face 
of ah Ocular "A" Prism. 
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Figure 1812.—Vise and Inserts for Holding ah Ocular "A" Prism for Silver Gutting.. 
--- *', 

The other side of the silvered strip is cut 
iii the same way* by first tilting the vise in the 
opposite direction so that it makes ah angle of 
about 5° with the table, with the left end of 
the visejhigh. The table of the milling machine 
is moved so that the second cut, measured to 
the lower left-hand corner of the tool1, will be 
at the proper point. The cutting operation 
itself is just like the first one and, of course, 
both cuts must be equally sharp. 

When the cutting edge of the tool becomes 
worn the operator can change the angle of the 
tool, thereby restoring it§ cutting'"effect, by 
raising the table and pulling the counterweight 
toward him. 

Removing Excess Silver.^-Ä strip of scotch 
tape is placed on the surface of the silver and 
copper to be removed, and pressed down firmly 
to avoid wrinkling.   Then, because the plating 

adheres to the tape more than it does to the 
glass, the tape is pulled up and the plating 
under it is removed. It is convenient to hold 
the prism in the vise for this operation. Small 
spots of silver and cppper plate that remain 
are removed with a hand scraper (see Figure 
1805), with the aid of ä 1 Ö-^power magnifier, 
jf the required strip of plating is touched by 
the scraper it will be nicked arid the prism will 
have to be completely cleaned arid re-silvered. 

When all excess silver has been removed, 
the prism is washed in chloroform to remove 
the protecting wax, arid then it is set on; ä 
paper towel to dry. If, upon re-exaniinatioh, 
the prism is good, it is ready for cementing* 
On the other hand, if it is defective, the silver- 
ing must be removed and the defects corrected, 
either by re-süvering} or re-grinding arid re* 

ling. 
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The practice of coating optical elements 
with thin films formed by evaporating various 
materials on their surfaces has been introduced 
in the field of precision optical elements only 
recently. The operating practices and tech- 
niques that are used are still under careful 
study and constant development. For this rea-? 
son, the procedures that are discussed in this 
chapter are only a part of those that are cur- 
rently in use, and no attempt has been made 
to describe all. In general, thin coatings are 
applied to optical elements either to reduce re- 
flection of light at the surface that is coated, 
or to serve as beam splitters, or reflecting sur- 
faces that will reflect a maximum of light. In 
the latter case, the resulting element is known 
as a front-surface mirror, because when coated 
with an evaporated, metal film, the element 
merely serves as a support for the film, and 
the light rays that are reflected do not pass 
through the glass of the element, either before 
or after reflection. 

PREPARING ELEMENTS 

It is of the utmost importance that elements 
which are to be coated with evaporated films 
be cleaned thoroughly because the presence Of 
grease or oil from fingerprints or other sources 
will cause poor adhesion, and specks of dust, 
dirt, or lint will cause pinhöles in the film. In 
preparing a surface for coating, it is comparar 
lively easy to clean the glass, but it must be 
dry as well as clean. There are many materials 
that can be used to remove the dirt and grease 
from, a glass, surf ace* but if the solvent itself-^ 
whether it be water, alkali, soap, or other ma- 
terial—is not also completely removed, either 
it, will destroy adherence or stain the evapo- 
rated filmi.J_usi as^surely as would the original, 
dirt or grease. Therefore, the cleaning reagent 
or series of reagents must not only remove the 
Original dirt, but must also be such that they 
themselves may be completely removed, so that 
the glass surface is left as free from any forr 
eign matter as possible. A chinas-marking pen- 
cil should never be used on a. surface to be 
coated since, at present* there is no method 
.known, except re-pölishing, which will remove 
this kind of a mark so that it will not affect the 
coatings. 

The procedure for preparing elements for 
coating may be divided into four basic operas 
tions^cleaning, drying, dusting, and removing 
adsorbed substances. These operations are per- 
formed in the order named. 

Cleafting.-^-The purpose Of cleaning is to 
remove oil, grease, dirt, and other foreign mat- 
ter that may be adhering to the surface of the 
glass. The general types of cleaning materials 
and methods which may be used are discussed 
in Chapter 23. A common method is to wash 
the glass in a soap or detergent solution, usual 
detergents being 'Aerosol Öl", 'Örvus paste', 
and 'Dreft'. Some operators prefer to add 
alkalis such as trisödium phosphate or ammo^ 
nium hydroxide. These materials are usually 
•used as 2 Or 3 per cent solutions in warm 
water. Other operators use mild abrasives, 
such as precipitated chalk, finely divided clay, 
or magnesia suspended in water^either alone 
or mixed with alkalies or detergents. It is 
customary to give each element individual at- 
tention by rubbing the glass siirface lightly 
with absorbent cotton, or a soft cloth wet with 
the cleaning solution. 

Drying.WEhe next operation is to remove 
the cleaning solution and dry the element* A 
thorough rinse in Ordinary running water? 
when necessary, warm and filtered to remove 
fine .particles* will remove the solvent satisfac- 
torily. In addition to this rinse, it may be 
necessary to wash the elements in distilled 
water, depending oh the method that is to be 
iused for drying, them. 

There are several methods for drying the 
elements, after the solvent has been washed off 
with water: One method is to use a distilled 
water rinse, and then flood the surface with 

. a f astrdrying. w.ater-miscible: solvent which is 
permitted to evaporate from the glass surface 
in such a thin film that no stain is left. One 
method of accomplishing this evaporation is to 
warm the element by rinsing in warm distilled 
water, set the element in a rack or holder and 
flood it with re-distilled acetone, using a wash 
bottle or Other suitable method. Most of the 
acetone drains off rapidly* and the remaining 
portion will evaporate from the surface of the 
wärm element. 
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Another method is to wash the elements in 
ordinary water, and then place them in racks, 
and suspend the racks in the vapors of re-Fiux- 
ing isopropyl alcohol, in using this method, it 
is necessary to leave the elements in the hot 
isopropyl alcohol vapors long enough to wärm 
them to the point where the alcohol will evapo- 
rate rapidly when the rack is removed slowly. 
The holders must be arranged to support the 
elements at only the corners or edges, so that 
no drops of solvent will remain in contact with 
the polished surfaces. With either acetone or 
isopropyl alcohol, a single drop of solvent often 
collects at the bottom of the element and, if 
left to evaporate, is certain to produce a stain. 
This stain can be avoided if the drop is re- 
moved by blotting with a piece of clean cheese- 
cloth, as soon as the element is removed from 
the acetone or isopropyl alcohol vapor. 

A third method is to rub the glass surface 
with a cloth wet with the solvent, and then 
wipe the solvent off with a dry cloth. This: 
method requires much more skill and time than 
the other methods. 

Still another method is to remove the dis^ 
tilled water from the lens surface without 
using any other material to aid in drying. To 
do this without producing stains, most of the 
water is removed by mechanical -action, leaving 
only an extremely thin and fairly uniform1 film 
to evaporate. Some operators remove the ele- 
ment from a distilled water rinse and simply 
blow off the excess water with clean com-* 
pressed air. With the prqper technique, the 
water can be removed fast enough so that a 
clean surface is obtained. The method is not 
so efficient when several polished surfaces on 
the same element are to be dried, because water 
blown from one surface is apt to run onto 
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compressed air, the same effect can be obtained 
by placing the element in a chuck or collet and 
spinning it at 1000 to 2000 rprri, while flooding 
the spinning surface with distilled water. The 
centrifugal action throws practically all of the 
water from the glass surface, and the remain- 
der dries from an extremely thin film. While 
spinning, may produce a cleaner surface than 
blowing with compressed air, the method may 
not be sufficiently rapid for production work. 

An entirely different method of drying is 
to cover the polished surface with an aqueous 
suspension of a finely divided solid material, 
allow this to dry, and then rub off the solid 
material. To be suitable for this purpose the 
material must be free from grit, be considers 
ably softer than the glass surface, and must not 
tend to charge the particles electrostatically so 
that they will adhere to the glass surface, as 
this makes them very difficult to remove. Any 
good grade of precipitated chalk may be used 
in this method. An effective form^ known as 
'Wet-merWet' is prepared by B. T. Babbitt 
Company. This consists of a soft flannel bag 
filled with precipitated chalk. In usmgTit, the 
bag is soaked in water and rubbed over the 
polished' surface. The chalk will not cake as 
long as the bag is kept wet. 

The chalk is removed from the surface as 
follows: the surface is allowed to become aU 
most dry, and is then rubbed off with a soft 
cloth, not jcessarily lintless, such as cheese- 
cloth or batiste. If these cloths are changed 
frequently, most of the dust wilt stay in them 
and little will escape into the atmosphere. The 
last traces of chalk are removed with ä lintless 
cloth, such as 'Selvet' cloth, imported from 
England, or acetate rayon napkins. This last 
cloth must be meticulously clean, so as not to 
re-cöntaminate the clean surfaces. 

Dusting. —= The coating room itself should 
be kept as clean äs possible by regularly scrub- 
bing the floor and other dust collecting- objects. 
In addition, filtering the air with a 'PrecipU 
trön' or other effective method is advisable. 
After the elements have been cleaned, dried, 
and set ih racks, they should be placed, in the 
bell jar of the coating machine as soon as pos- 
sible in order to reduce to ä minimum the 
äiiiOuiii px liiitäiiauüst thai will settle onvuheix 
surfaces; If the element»must be stored before 
placing them in the machine, they should be 
kept in a Cabinet that is äs nearly düst^f ree as 
is practicable. 

Despite all precautions, however,, it will still 
be necessary to remove dust just before coat- 
ing. This may be done by blowing the dust off 
the polished surfaces with a clean, low-pres^ 
sure air stream of with a suction tube with a 
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little brush around it, the brush being used to 
unseat the dirt and the suction to carry it 
away. Both of these methods work fairly weli. 
Unfortunately, merely brushing off the diet 
with a soft brush* builds up an electrostatic 
charge so that some of the dust which is re^ 
moved flies back onto the elements and sticks 
there. In addition a brush will often introduce 
itiore oil or dirt onto the glass surface than it 
takes off. 

A method that has been used with some 
success at Frankford Arsenal to remove the last 
particles of dust utilizes the brush discharge of 
s, high-völtage, high-frequency current from a 
Tesla coil. In this method a complete rack of 
optical elements ready for coating has been 
cleaned thoroughly in from 1 to 2 minutes* the 
discharge wire being dose to the surface to be 
dusted. 

Removing Adsorbed Substarices.-^The last 
step in preparing the elements, before actual 
coatirig can be startedy is to remove any rer 
niaining molecules of foreign material such as 
solvent, water, detergents, air, and the like 
that are adsorbed on the surface Of the glass. 
These adsorbed substances will be renioved parf 
tially but not completely by the mere evacua-^ 
tion of the system during the coating process. 
Auxiliary methods depend on heating,, or On ah 
electronic bombardment from a high-voltage 
glow discharge while the elements are in the 
vacuum chamber. Heating is more effective 
on glass than electronic bombardment* but; it 
cannot be used on solid plastic elements, or 
with cemented lenses that will, not stand heat- 
ing up to 400ÖF., nor with some types of evap^ 
orated metal mirrors since they will 'bloom' or 
become hazy if the reflecting metal is» deposited 
on glass which is too hot. 
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or high-voltage discharge produced with poten- 
tials of from 3,000 to 15,000. volts and applied 
in the vacuum at pressures of 0-.TÖ to 0:001 mm 
of mercury, are probably similar to .those pro^ 
duced with the Tesla, coil mentioned earlier 
and in addition, the electronic bombardment 
provides a. filial cleaning action by removing 
adsorbed; substances; However,, the Tesla coil 
.sparking method cannot be used where metal 
films have been deposited previously, because 

it will cause a great many pinholes. Although 
many believe that using ä glow discharge is ah 
essential part in making evaporated metal mir- 
rors, excellent ones have been made at Frank- 
ford Arsenal without its use. 

HANDLING VACUUM COATING 
EQUIPMENT 

In addition to preparing the surfaces of 
optical elements before filming in high vacuum, 
it is necessary to assure proper operation of 
the vacuum equipment so as to produce good 
films. Improper Operation may rercontaminate 
the clean surfaces during the processing cycle, 
with the result that the films produced will not 
adhere well to the glass. Also, improper vac- 
uum technique may affect the Optical proper- 
ties of the elements being coated. 

Preventing 'Wilson Cloud' and Cöridensä- 
tipns.-WThe room that is used for vacuum coat- 
ing should be äs free as possible from dust by 
having the incoming air pass through a dust 
filter, or ä Precipitron. In addition, it is ad- 
visable to take special precautions to eliminate 
Wilson cloud; and moisture condensations in 
the vacuum chambers. Due to modern fast 
mechanical pumps, a Cloud of water droplets 
may form inside the vacuum jar as a result of 
the sudden expansion of the air, This often 
lowers the temperature in the vacuum tank 
below the dew point* and thus forces condensa- 
tion on the minute dust particles, ions, and 
colder surfaces within it. Many of these water 
droplets, and the dust On which they form, 
contaminate the previously-cleaned surfaces by 
settling on them during the early part of the 
vacuum cycle. The formation of this cloud 
can be prevented by using an auxiliary slow 
mechanical pump for a few minutes before the 
fast pump is turned on, Of else by providing ä 
slow leak path for the fast mechanical pump 
for a few cycles prior to opening wide the 
valve between the vacuum systerh and this 
pump. 

If the vacuum system has become hot from 
several runs, this cloud is much less likely to 
form* because the air in the vacuum system is 
so hot that it is hot cooled below the dew point 
when the mechanical pump is started;  The non- 
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appearance öf the cloud is deceptive, however, 
because condensations may still take place oil 
any cold surface within the system, such as the 
surfaces of the optical elements being proc- 
essed. 

An effective method for eliminating the bad 
effect of the formation of condensations on the 
cool optical elements is to preheat the vacuum 
space and the cold glass for a few minutes, 
after the jars are loaded with the optical ele- 
ments and before starting the fast mechanical 
pumps. 

Keeping High-vacuum Equipment Dry.— 
Water vapor is adsorbed in great quantities by 
the surfaces of almost everything inside a vac- 
uum system* and leaves these surfaces very 
slowly as the vacuum is produced. Besides 
interfering with the actual coating, it slows 
the process of obtaining the low pressures that 
are required. For this reason, the vacuum sys- 
tem should be kept dry at all times, whether or 
not it is in actual use. This may be done by 
keeping the system closed, even though it is not 
in use, and operating a mechanical pump con- 
tinuously, or by placing a drying agent, such äs 
phosphorus pentoxide, inside the equipment. 

Rather than use high-temperature baking 
methods, it is interesting to note that the Carl 
Zeiss Company of Germany has found that the 
durability of magnesium fluoride films is in^ 
creased by taking special precautions Csuch as 
the use of phosphorus pentoxide) to keep the 
vacuum system dry. The use of mercury diffu- 
sion pumps (instead of oil) requires liquid air 
traps which also help to keep the Zeiss system 
dry. The mercury vapor in the Zeiss system 
may be less likely to contaminate the optical 
surfaces than the vapor of the oils used in this 
country. 
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system dry when evaporating metals such äs 
aluminum or silver, or when evaporating mul- 
tiple-layer non-metallic reflectors where the 
initial film deposits are made on essentially 
unbaked glass blanks. Water vapor in small 
quantities lowers the adherence of the film to 
the glass, may cause ultimate blistering of the 
film, and makes it impossible to deposit suc- 
cessfully high-temperature baked magnesium 

fluoride protective overcoating onto metallic 
reflectors. 

Avoiding Back Streaming of Oil Vapors.— 
In this country, oiUsealed rotary pumps are 
used as mechanical pumps, and oil diffusion 
pumps are used to produce the final low-pres- 
sure vacuum. This pumping system is fast 
and permits a short vacuum time-cycle. 

In such oil pumping systems, there is dan- 
ger of oil vapors getting into the processing 
chamber, because of faulty operation of the 
pumps or insufficient baffling between the 
pumps and the vacuum chamber. Even if only 
small amounts of oil vapor enter the vacuum 
chamber as a result of this so-called 'back- 
streaming* effect, they will contaminate the 
prepared optical surfaces during the evacuat- 
ing cycle. This contamination causes low ad- 
herence of the film, and can ruin the entire run. 
For these reasons, it is important to keep the 
pumps in ;good condition, and to provide ade- 
quate and positive-acting baffles. 

Avoiding Evaporation Contaminations.^-, 
Since it is essential to avoid contaminating the 
surface of any Optical elements to be coated, it 
is obvious that all materials and components of 
the vacuum system must be such that they will 
not discharge evaporation impurities into the 
system, even when they are heated to the oper- 
ating temperatures to which they are exposed. 
Such impurities would be deposited oh the op- 
tical surfaces, either under the film or mingled 
with it. For example, any parts carrying elec- 
tric currents should be large enough so that 
they will operate at low temperatures. The use 
of brass should be avoided, since the zinc com- 
ponent of this alloy has a low vapor-pressure. 
The same precautions should be taken with 
heating domes, spatter shields, and similar 
heated .parts. ...... 

As an additional precaution for avoiding 
contamination of the optical surfaces, it is im^ 
portant that the interior surfaces of the vac- 
uum system itself should be kept clean, and 
free from any grease, finger marks* or other 
volatile matter. One small area of grease or 
other foreign matter can ruin the optical sur- 
faces that have been cleaned and prepared with 
much care. The damage from such contamina- 
tion is done after the system has been closed 

W^T }   -~ 
' i •, * r,xzsg6/i- J**- "W—^OCK 

. _srss«s3*cs3faeisssasi!! 



19öS 

and the evaporation cycle has started, at which 
time there is nothing that the operator can do 
to correct it. 

Contamination will usually reduce the hard- 
ness, adherence, and durability of an evapo- 
rated film, and it may also detract from the 
optical properties of the film. A very slight 
amount of evaporated metal mixed in (or evap- 
orated under) a baked magnesium fluoride film 
may not affect its reflection^redueing proper- 
ties, but can increase the light absorption of 
the film sufficiently to offset ätiy gain in transr 
mission which should normally result from ap- 
plication of the coating. 

Contaminations occurring in the production 
of reflecting films of aluminum, silver* and the 
like, are apt to reduce the reflectance itself and 
make it impossible to apply baked magnesium 
fluoride over the metal film. 

Iii order to have the vacuum system free 
from any material that may affect the quality 
arid adherence of the film being evaporated, 
the same system should not be used for riiore 
than one type of coating without a thorough 
cleaning between operations. It is,, however, 
practicable to evaporate almhinuiri or silver 
and then in the sanie jar to add a baked mag- 
nesium fluoride overcoating. 

LOW-REFLECTION FILMS 
. When proper thicknesses of transparent 

films of certain höri^metällic materials are ap- 
plied to optical elements, the losses by reflec- 
tion are reduced materially. Of the several 
materials in use at the present time for making 
low^reflection coatings* magnesium fluoride is 
used most widely, because of its durability and 
the satisfactory results that are obtained. 

Preparing Magnesium Fluoride.*—It is es- 
- p.eeially important that the magnesium fluoride 
that is used äs a source of coating material be 
cherhically pure and free frorn chlorides. To 
prepare iOO grains of riiagnesium fluoride, 326 
grams of analytical reagent grade of magne- 
sium chloride are placed in a clean beaker, and 
just sufficient hot distilled water is added to 
dissolve it. This solution must not be boiled,, 
since some magnesium oxide riiay be formed. 
The hot magnesium chloride, solution is added 
*This process was developed by Dr. Dean Lyon at the 

U. S. Naval Gun Factory, Washington, D. C. 

to 140 to 150 cc of hydrofluoric acid in a plat- 
inum dish, little by little, the mixture being 
stiffed witfe a platinuih spatula after each 
addition. Ä gelatinous mass of magnesium 
fluoride will thus be precipitated. When all the 
magnesium chloride has been added, the mass 
must be evaporated to dryness. During the ini- 
tial stages of the evaporation, which should be 
done in a sand bath, the mass, must be stirred 
constantly to prevent the escaping vapor from 
causing the material to bubble and spatter. 
Semi-transparent crystals are formed first; 
these gradually turn white under prolonged 
heating. When all danger of bubbling has 
passed, the platinum dish can be removed from 
the saiid bath and heated over an open gas 
flame, until all traces of acid are removed. 
This can be ascertained by holding a piece of 
moistened blue litmus paper over the dish and 
noting any change of color which occurs. 

A test for residual chlorides is made by 
placing a small sample of the prepared magne- 
sium fluoride crystals in a test tube and boiling 
with distilled water for a few moments. If a 
white precipitate forms on adding silver ni- 
trate to this sample, it shows that traces of 
chloride still remain. To remove these traces, 
the crystalline mass is wetted thoroughly with 
concentrated hydrofluoric acid, and is then 
again evaporated to dryness, and another test 
is made for chloride. When the silver nitrate 
test shows that ho chloride remains, the plat- 
inum dish and its contents are placed in an 
electric furnace and heated to from 800 to 
900°C. so as to drive out any liquids or residual 
acids which might be occluded within some of 
the crystals. 

Upon cooling, the crystals may be used in 
this state, or they may be ground in a mortar 
to any desired fineness. '"If ä quantity of fluo- 
ride, other than 100 grams is desired, the 
amounts of chloride and acid should be ad- 
justed proportionally. Analytical reagent grade 
chemicals of highest purity must be used, such 
as -Baker's special analytical reagent grade 
hydrofluoric acid'(low in chlorine), or 'Baker's 
analytical reagent grade magnesium chloride 
special crystals' (low in alkali salts). 

Coating Process.—(See, also, under "Pre- 
cautions when Coating More than One Sur- 
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facey* this chapter.) Most machines that -are 
used for coating elements by the evaporative 
process consist of a bell jar made of 'pyrex' 
glass about 18 inches in diameter, 27-iiiches 
high, and %-inch thick, resting on a special 
table, and surrounded by a protective shield 
(see Figure 1901). A duplex machine equipped 
with two bell jars mounted on a single bench 
is illustrated iii Figure 1902. In each of these 
machines, a counterbalanced hoist is attached 
to the top of the bell jar and is so arranged 
that the jar can be raised and lowered with 
little effort. The bottom edge of the jar is 
equipped with a gasket which seals the joint 
between the table and the bell jar. These mar- 
chines are equipped with a mechanical pump 
and ä diffusion pump which are used tö ex- 
haust the air from the jar* the mechanical pump 
being used to reduce the pressure to about 75 
microns (0.075 mm) of mercury and the diffu- 
sion pump to reduce it further to a pressure 
of between 0,1 micrön (0.000J mm) and 0.01 
micron (0.00001 mm) of mercury, at which 
pressures the coating materials will evaporate 
when properly heated, and will ;permit the 
molecules that are thus released to condense on 
the surfaces to be coated. In general, the 
higher the vacuum that is maintained in the 
bell jar, i.e., the lower the pressure, the more 
satisfactorily the coating process will proceed. 
The material to be evaporated is held in a cru- 
cible or similar container (see Figure 1903). 
Because the material, must be heated to a 
comparatively high temperature before it will 
evaporate, provision is made to do this elec- 
trically, by suspending a heating element of 
tungsten, or similar metal directly over, but 
not touching, the material in the crucible. 

The elements that are to be coated are held 
in a so-called jig or metallic rack, usually ;brass 
ör älilmmüth, With a radius of from 13 to 15 
inches, although some operators use ah aspher- 
ical rack whose radius is from, 16 to 17 inches 
at the center and from 2 to 3 inches less at the 
edges. At Fränkfqrd Arsenal, an adjustable 
rack, which approximates the aspherical rack 
just mentioned, is used (see Figure 1904). The 
machine is arranged to support these racks, 
near the top of* and inside, the bell jar; and 
further, since it is necessary that the elements 
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Figure 1901.—Single Evaporating Coating Machine 
for Producing Evaporated, Films. 
(^National Research Corporation). 

Bö Boated to prepare them for receiving the 
Coating, ah electrical heating unit is provided 
at the top ,of the bei} jar for this purpose. 

While it is customary to support the ele- 
ments in spherical or aspherical racks, satisr 
factory results can be obtained with flat racks, 
if a 'compensator' of suitable design is placed 
in the bell jar above the material container. 

A variable-speed electric motor outside of 
the bell jar drives the compensator through ä 
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Distillation Products, Incorporated 

Figure 1902.^Duplex Evaporative Coating Machine for Producing Evaporated Films. 
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Aberdeen Proving Ground 

Figure 1903.—Evaporative Coating Machine with Bell Jar and Shield Removed. 
(Distillation Products, Incorporated) 

magnetic clutch acting through the wall of the 
jar. The compensator revolves above the evap- 
 \l_* - 1. .!_ ^i .- _1   oil A.   1±. J-_    -£C oiauiig suuiue anu is su siictpeu mau -ix, cuts uir 
a larger percentage of the radiation to the cen- 
ter of the rack, than to the edges, thus com- 
pensating for the' shorter distance from the 
source to the center of the rack. 

Controlling Film Thickness.—The thickness 
of a low-reflection coating must hv controlled 
carefully. The easiest and siinplgsc way to do 
this is to coat until light reflected from the 
surface being coated is ä light purple. When a 
light purple reflection is observed, it indicates 

that the thickness of the coating is such that 
there will be a minimum of light reflected at 
the point yf maximum sensitivity of. the human 
eye. The most desirable light source to use for 
this test light is a 'daylight' fluorescent lamp, 
although ah ordinary tungsten filament Jamp 
equipped with a 'daylight' filter is used quite 
commonly, arid any slightly-tinted white light 
may be used by an experienced operator with- 
out difficulty. The viewing light is made sihall 
so that it can be handled easily and a hole must 
be cut in the heater reflector to permit observa- 
tion.   Because the reflection eolors of magne- 
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Figure 1904;^rAd.iustable Käcn ior noicung Optical Elements -During 
fhe Coating Operation. 

siurri fluoride coatings are much harder to ob^ 
serve on crown glass than on the higher-index 
flints, it is often desirable to place one flint 
element at a convenient observation point in 
the rack, when a batch of crown glass is being 
coated. This practice facilitates control öf film 
thickness-, particularly when the observation 
must be made against the high illumination of 
the coating filament. 

Some attempts have been made to control 
the thickness of the coat with photo-electric 
devices. While this can be done, the photo- 
electric system is somewhat complicated be- 
cause provision must be made for stray light. 
At present, such a system seems to be neces- 
sary only in connection with the application of 
multi-layer films, or very thin films, where the 
reflection changes are so small that they are 
difficult to observe with the eye. 

Another method of controlling the thick- 
ness is to weigh out a predetermined amount 
of coating material and evaporate all of it; 
When this system is used, factors which affect 
the amount, of fluoride that reaches the glass 
surface may cause some of the fluoride to be 
misdirected and so upset control of the film 
thickness.   These factors include losses due to 

spattering, poor vacuum, or non-uniform dis- 
tribution of fluoride in its container, and any 
one of them may produce the trouble. How- 
ever, this special method, when engineered 
carefully, has been used successfully. 

Spattering.-r-Syattexing which may occur 
during the coating process, and which will in- 
jure the elements, is defined äs the projection 
of very small particles of fuzed magnesium 
fluoride onto the glass surface. There will: be 
no damage dene from this cause until the fluo- 
ride is heated sufficiently to melt or partially 
melt the spattered particles so that they fuze to 
-the glass surface. The optical effect is similar 
to that öf a pit and, in most cases,, spattered 
surfaces must be re-ground and re-polished. 
Although alLthe. causes flf splattering, are_Jipt. 
known* it is believed that at least some are 
caused' by strains in large fluoride crystals, and 
also by the presence of gasesjpr other compara- 
tively volatile substances* such äs magnesium 
chloride* in the magnesium fluoride. This is 
the reason that it seems advisable to grind the; 
fluoride fine enough to pass through an 80- 
mesh screen, and to bake it at 800 to. i000°C. 
in an electric furnace to remove any volatile 
substances.    The fluoride should hot come in 
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contact with the heating element, when the 
filament and crucible technique is employed. 
It is also advisable to place a shield between 
the filament and the elements while the fluoride 

: is being preheated. When the fluoride is held 
in a molybdenum or platinum 'boat' which also 
acts as the heating element, the shield is even 
more important. Usually a shield (see Figure 
1903) is composed of a thin piece of metal, and 
is moved from outside the bell jar by either a 
magnetic or a properly^sealed mechanical de- 
vice.. 

Testing.-r-The efficiency :of the fihn^ can be 
established by obtaining the reflection and 
transmission curve of a fiat piece of glass, 
coated öii both sides, in a spectrophotometer, 
such as those manufactured by General Eiec-r 
trie Company or National Technical. Research 
Laboratory Manufacturers. These curves give 
actual light reflection and transmission values 
for the filmed glass sample. Efficiency of the 
films is determined by three observations based 
on these speetrophotometric curves. 

First, the reflection curves must not pass 
above three points located at 400, 550, and 700 
millimicron units. The highest permissible re- 
flection in pex' cent per surface at each of these 
three points is stipulated in the coating specifir 

^cation and varies for glasses of different rer 
tractive indexes. 

Second, the minimum point oil the reflec- 
tion curve must fall between 450 and 600 milr 
iimicron units. 

Third, the films must not absorb more than 
V% per tent of the incident light per fiFmed 
surface^ Films are tested for light löst by 
äbsorbtiön and/or scattering by adding the 
reflection and transmission values at the wave 
length eöprespohding to tta minimum point on 
the reflectance curve and subtracting from 100 
per cent, Corrections must be made for glass 
absorbtioh and instrument aberrations. 

A film is tested for its adherence Or dura- 
bility by measuring its resistance to abrasion, 
to salt fog, and to water vapor. A customary 
test for resistance to salt fog is to place the 
element in a 'salt' atmosphere at 95 °F. This 
atmosphere is obtained by bubbling, air through 
ä 3 per cent solution of sodium chloride into a 
completely enclosed vessel, or by atomizing the 

solution into the vessel, with the temperature 
maintained so that the optical element will be 
held at 95°Fr The test for the effect of water 
vapor is done in a temperature- and humidity- 
controlled cabinet. The abrasion resistance 
may be measured by rubbing the coating back 
and forth a number of times with almost any 
good grade of pencil eraser that contains a fine 
pumice, and with a pressure of 2% pounds on 
the surface of the element. If these procedures 
do not damage the film, its durability should be 
satisfactory. 

Method Used fcy 3Viinneapolis~Höneyweli 
Regulator Company 

This company has developed a unique meth- 
od for supporting the elements, and for pre- 
paring the fluoride and holding it in the bell 
jar.    Instead of placing the elements in ä 
spherical or flat rack at the top of the bell jar, 
the racks are in the form of panels and are 
hung vertically around the periphery of the 
jar.    See Figure 1905, which shows the jar 
raised and with all the panels in place, and 
Figure 1906 in which söihe of the front panels 
have been removed.    The fixture which sup- 
ports the racks, as well as the heating elements, 
is illustrated in Figure 1907.   Instead of plac- 
ing the magnesium fluoride in a crucible at the 
center of the bell jar, it is placed at intervals 
along the vertical axis of the jar and is held 
in small conical-shaped spring 'pellet holders', 
shown in Figure 1906, which are also used to 
heat the fluoride.   In order that these holders 
can support fluoride satisfactorily, it is first 
prepared äs described earlier in the chapter, 
and is then compressed into pellets in the press 
illustrated in Figure 1908.   From three to five 

- pellets distributed along, the axisj are used to 
coat one machine-load of elements.   The heat- 
ing unit that is used to heat the optical ele- 
ments is shown in Figure 1907, and it can be 
seen assembled in the machine in Figure 1906. 
It consists of a framework supporting verti- 
cally long helical coils of tungsten wire.   These 
are placed at the joints between the element 
racks, but slightly nearer the center of the jar. 

In this method, it has been found necessary 
to use different amounts of fluoride in each 
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Minneapolis-Honeywell Regulator Company 

Figure 1905.-^-Lens Holders and Bell Jars of Evaporative Coating Machine. 
(Distillation Products, Incorporated) 
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pellet, in order to insure uniform distribution 
of fluoride oyer the surfaces of the optical ele- 
ments from the bottom to the top of the racks 
and thus to obtain the same film thickness on 
every element regardless of where it is located 
in the racks. The amount of material to be 
placed in each must be exactly determined, and 
then accurately weighed out on a chemist's 
balance. After the pellets have been made, 
they are inserted in the tip of a 'pellet gun' 
(see Figure 1908) by using a 'pellet loader.' 

When the 'pellet gun* has been loaded the pel- 
lets are transferred to the pellet holders (Fig-? 
ure 1906) in the coating machine, by placing 
the tip of the gun at the holder and pressing 
the 'trigger.' 

Because the pelleWiolder support interferes 
with the distribution of the fluoride in that 
direction the support is rotated steadily at a 
slow rate by means of a small motor, thus 
neutralizing its interference and making poS- 
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Figure 1906.- 

Minneqpolis-Honeywell Regulator Company 

-Evaporative Coating Mächine with Lens Holders Removed from Frönt. 
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'ELEMENT 

Minneapolis—Honeywell Regulator Company 

Figure 1907.—Supporting Fixture and. Heating 
Elements for Svapqrative Coating Siachirie.- 

sible a uniform film thickness on all optical 
elements in the racks. 

This method of coating has the advantage 
that more elements can be processed per cycle 
than when using the standard dome method. 
Its disadvantages are that it requires much 
more equipment and special tooling, äs well as 
more careful control all through the process. 

REFLECTI<NQ FILMS 

Although a silver surface (deposited chemr 
ically as described in Chapter 18) has very 
high initial reflectance, the fact that it tar- 
nishes easily when exposed to the sulphur com- 
pounds in the äir impairs its usefulness for 
front-surface mirrors. This tarnishing can be 
reduced by protecting the surface of the silver 
with an evaporated eoat of magnesium fluoride 
which is twice as thick as is used when making, 
lowrreflection films. The surface of a silver 
reflecting film will hot tarnish when it is placed 
against the back of the glass (see Chapter 18). 

However* the percentage of light reflected 
from a back-surface mirror is appreciably less 
than from a front-surface mirror, due to the 
light losses in the former case while the light 
passes twice through the glass; 

Other metäls such as aluminum do not have 
as high reflectance äs silver, but their lower 

reflectance may cause less loss of light than 
the losses sustained when light passes twice 
through glass in being reflected from a back- 
surface silver film. Films of aluminum, which 
will not tarnish, are used for front-surface 
mirrors to a considerable extent; also films of 
other non-tarnishing metals—chromium, rho- 
dium, and platinum, and various combinations 
of each are used. See Chapter 1, under "Front- 
surface Mirrors." 

Finally, metal films may be protected with 
an evaporated coating of a transparent mate^ 
rial, such as baked magnesium fluoride.   When 
this is done, the permanency of the metal coat- 
ing approximates that of the fluoride film itself, 

Coating Process.^-(See, also, under "Pre- 
cautions when Coating More than One Sur^ 
face," this chapter.)   The method for applying 
evaporated reflecting films, which are usually 
metallic, is similar to that used for reflection^ 
reducing coatings, except in the preparation of 
the metal coating material.   The metal coating 
material is prepared in the form of small U- 
shaped pieces so that it can be hung on the 
electrical heating filament, which is usually 
made of tungsten or molybdenum.   Current is 
then passed through the filament until the coat- 
ing metal is heated to the melting point, when 
evaporation will take place m the same manner 
as when magnesium fluoride is used;   The ad- 
herence of the aluminum (which is the mate- 
rial used most commonly) to the glass surface, 
can be improved by evaporating or sputtering 
a coat of chromium before applying the alu- 
minum.   One patented method for doing this, 
starts  with   chromium   and  adds  aluminum 
while,.at the same time, reducing the chromium 
gradually during the coating, process, until, at 
the end of the process; only aluminum is being 
evaporated.  Such aluminum reflectors as f rpnt- 
surface mirrors though very adherent, are soft, 
and scratch easily; their durability and resist- 
ance to abrasion can be greatly improved by 
application of baked magnesium fluoride oh the 
metal fihn. 

Reflecting surfaces cari =be made by evapo- 
rating silver oh either the front, or back sur- 

, face of elements, although, in some respects, 
it is more difficult to use than aluminum.   The 
principal modification in evaporating this metal 
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Minneapolis-Honeywell HegUlator Company 

Figure. 1908.—Equipment for Forming Magnesium Fluoride Pellets. 

is to me an alloy of silver with 3 to 5 per cent 
platinum to: obtain Vetting' of the evaporating 
filament. 

A variation of this -metfiod is to use a 
molybdenum heating filament instead of ä 
tungsten filament, because the silver 'wets' the 
molybdenum better, and therefore evaporates 
from it without falling off. Finally, any metal 
which is difficult to evaporate from a filament 
may be evaporated from a -boat'. (As noted 
earlier, a boat is a molybdenum or platinum 
crucible which also acts as a heating element.) 

Controlling Film Thickness.—A reflecting 
film should be as thin film äs possible, because 
a thin film adheres to the surface of the ele- 
ment better.    Nevertheless, it must be thick 

enough to be opaque, so that all the light will 
be reflected and none lost by passing through 
the coating. A simple method for controlling 
the thickness is to observe the glow of the 
heating element from, the top. of the bell jar 
through an element being coated. When it is 
no longer possible to see the heating element, 
it indicates that the film is opaque and the 
coating process should be stopped immediately. 

Spattering.-^-When coating optical elements 
with reflecting films, spattering as described 
earlier, should be guarded against in the same 
manner äs when lowrreflectioii fiims are being 
applied. 

Testihg.-T-There are several tests for dura- 
and hardness which may be used to 
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determine the quality of a mirror. The mirror 
should withstand various cleaning methods, 
such as washing with a solution of sulphated 
alcohol and ammonium hydroxide in water, or 
allowing a thick paste of precipitated chalk 
and water to dry on the surface and then 
wiping it off with a soft cloth, or allowing a 
drop of distilled water to dry on the surface at 
room temperature and then cleaning it with 
acetone or grain alcohol. 

Mirrors should withstand the same humidr 
ity and salt fog atmosphere tests that are given 
low-reflection films and which are described 
earlier in this chapter. The abrasions-resisting 
qualities of a reflecting metal film can be tested 
by rubbing the surface fifty times with a dry 
pad of cheesecloth, using a pressure of 1 pound. 
If the film is covered with baked magnesium 
fluoride, the eraser test described earlier in 
this chapter may be used. 

A metallic coating is tested for ,adhe ^hce. 
by using a transparent cellulose tape test. This 
consists =of -applying a strip of commercial- 
grade transparent cellulose tape to the surface 
of the film until the best possible contact is ob- 
tained. The tape is then pulled off the surface 
slowly, and if none of the coating is removed 
from, the" glass, the coating is described as very 
adherent; if minute portions of it are removed, 
it is classified as semi-adherent; and if all or 
most of it is removed* the coating is non-ad- 
Tierent and unsatisfactory. 

PRECAUTIONS WHEN COATING MORE 
THAN ONE SURFACE 

Certain precautions must be taken when 
more than one surface of an optical element is 
to be coated, so that, when coating, a surface, 
one that has been processes previously will not 
be impaired; This difficulty will arise, whether 
the side first coated has been treated Chemically 
(as described in Chapter 18), or with the evap- 
orative method (as described in this chapter), 
and whether the coatings are of the reflecting 
or non-reflecting types, or combinations of 
both; Some methods for overcoming these 
difficulties are discussed in the following para- 
graphs. 

Coating Faces Successively. -^ When two 
surfaces on the same element are each to be 

coated with highTtemperatüre baked magnesia 
urn fluoride, the difficulty arises that, while 
coating the first surface, some Of the molecules 
pass through spaces in the rack and are de- 
flected and adhere to the second or back sur- 
face. This operates to reduce the 'cleanliness' 
of the second surface, thus, producing on it a 
thin and poorly adherent film. This may cause 
poor adhesion of the coating to the second sur^ 
face when it is finally applied. The simplest 
method for reducing this trouble is to place 
the elements in racks that fit them closely, and 
which are arranged so that the radiating mole- 
cules cannot pass the rack to be deflected onto 
the second surface. The tendency to cöät other 
surfaces than those desired, is also reduced by 
using a high vacuum, for the evaporating proc- 
ess, e.g., a vacuum of 0.01 micron (0:00001 mm) 
of mercury. 

Coating Faces Simultaneously.—When two 
faces of ä prism that are adjacent and make an 
angle with each Other are to be coated with 
high-temperature baked fluoride, the work can 
be done simultaneously, if the racks are de- 
signed to hold the elements with the angle 
formed by the two surfaces to be coated to- 
wards the radiating fluoride. When it is so 
arranged, both surfaces will be coated at the 
same time. However, the resulting coating 
may hot be sufficiently durable in some cases. 
In these cases, the process should be abandoned 
and the surfaces coated singly. 

Coating Other Faces with Chemically-de- 
posited Silver.^—The only precaution needed in 
this case is to make the baked fluoride coatings 
hard and durable. W'hen this is done, it is 
seldom that they are injured by a silver coating 
that is applied subsequently by chemical meth- 
ods (i»ee Chapter 5&);. Because- it is very diffW 
cult to prevent the entrapment of moisture in 
a silver coating that is applied chemically, it 
is seldom that such a surface can be subjected 
to the high heat and low pressure of the evapo- 
rating process without rupturing it. Therefore, 
it is generally advisable to coat any surfaces of 
ah element that are to receive an evaporated 
film, before applying ä silver coating on any 
other surfaces by a chemical process. 

Coating   Other   Faces   with   Evaporated 
Metal.-r-The precautions that should be used 

:.i-. 
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in these cases are the same äs were described 
for applying high-temperature baked fluoride 
coatings on more than one surface. 

DECOATING 

Ä soft magnesium fluoride coating can be 
x*emoved from the surface of ah element by- 
soaking in solvent materials, such as saturated 
sodium chloride in water, from 24 to 36 hours* 
Hard baked magnesium fluoride requires more 
stringent methods. A system developed and 
used successfully at Frankford Arsenal for re- 
moving hard high-temperature baked magne- 
sium fluoride is to soak the elements in a warm 
(120° F.) saturated solution of potassium hy- 
droxide for 5 minutes* then rinse them in luke- 
warm water, and then immerse them for not 
more than 30 seconds in concentrated nitric 
acid. After this, the elements are again rinsed 
in water and dried, This procedure is re- 
peated until the coating Ms been removed^ 
However* it is- seldom necessary to use more 
than four cycles. The potassium hydroxide 
solution is made by dissolving three parts by- 
weight of potassium hydroxide pellets in two 
parts of water, stirring constantly and very 
slowly, because the solution will become quite 
hot äs the potassium hydroxide dissolves* The 
nitric acid used is the technical grade. It is 
used at a room temperature. 

To avoid staining, it is best to leave the ele- 
ments completely immersed in the water bath, 
and to remove and dry one element at a time. 
Care must be .taken that the rinse water is 
wärm enough so that it will hot chill the ele- 
ments coming from the warm potassium hy- 
droxide solution enough to cause breakage, and 
that it is changed constantly so that it cannot 
build up a concentration of either hydroxide or 
acid. 

Another method of decoating baked magne^ 
siüm fluoride films is to immerse the elements 
completely in a solution of 5 grams of boric äcid 
crystals in 150 cc of concentrated sulphuric 
äcid at room temperature, heat the system to 
between 230 and 250WF. for a few minutes, and 
then allow it to cool slowly. The elements are 
then removed* washed thoroughly, and dried. 
While many tests have shown that these de- 
coating methods do not affect the surfaces of 
the elements, it is advisable tö decoat a few 
elements and examine them carefully, before 
processing a large number. 

Potassium hydroxide, and sulphuric and ni- 
tric acids are highly corrosive and react quickly 
on the skin, clothes* etc. Operators should wear 
rubber gloves, rubber aprons, and goggles. A 
safety shower of other means should be pror 
vided for quick washing iii case of an accident, 
and the decoating operation should be carried 
out under a ventilated hood which will draw 
off any corrosive vapors. It is better not to 
use glass containers, due tö the possibility of 
breakage and consequent splashing about of 
the corrosive solutions. Enamel wäre is satis? 
factory and, although it will eventually corrode, 
it is inexpensive to replace. Stainless steel 
containers may be used also, and, for the potas- 
sium hydroxide bath, almost any metal except 
aluminum may be used. 

An aluminum reflecting film may be re- 
moved by rubbing it with, or soaking it in* a 
concentrated solution of potassium hydroxide. 
If the aluminum has been given a baked magne- 
sium fluoride over-coating, this method is slow, 
and it may be advisable to assist the process by 
rubbing with a mild äbfäsiye, such as rouge, 
'Celite', or the like* Silver films are removed 
with hiM? acid, while. f_Qme„gther inetals.. such 
äs sputtered chromium* must be polished öff-^- 
as they cannot -be removed chemically without 
ruining the underlying glass surface. 
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Many lenses in optical instruments consist 
of two or more simple lenses that are cemented 
together to form ä single achromatic unit. (See 
Figure 119.) Until recently, lens were united 
with 'Canada balsam', which is a thermoplas^ 
tic cement and .comparatively simple to use. 
However, the new cements that have been in- 
troduced in the last few years, in order better 
tö withstand extremes of temperature, require 
proceduies that are somewhat more compli- 
cated and tedious.    (See Figure 2001.) 

PREPARING THE LENSES 

Cleanliness of lenses and equipment is es- 
sential. Each, crown and flint lens is washed 
in alcohol, wiped perfectly dry, and any fine 

particles of lint or dust are removed gently 
with a camel's-hair brush. 

PROCEDURE WITH THERMOPLASTIC 
CEMENTS 

Preparing the Cement 

Thermoplastic cements, of which the prin^ 
cipal example is Canada Balsam (He-225, made 
by Eastman Kodak Company, is another), can 
be used in either liquid form or in stick form. 
In either ease, it is advisable to examine the 
cement under magnification to make certain 
that it is clear and free from foreign matter. 
Canada balsam, consists of a. mixture of volav 
tile constituents, called 'spirits of turpentine', 

TABLE OF OPTICAL CEMENTS 

ft 

ft 

METHOD OF 
APPLICATION   , 

CHARACTER- 
ISTICS 

MANUFACTURER'S 
DESIGNATION 

TYPE 
BASIC 

COMPO- 
NENT 

CEMENT MANUFACTURER 

Thermoplastic Melted to apply 

Hardened by 
cooling 

Thermoplastic 
resinous mate- 
rial obtained 
from a species 
of fir tree 

Canada 
Balsam 

Canada 
Balsam 

(obtainable from 
most large-optical 
manufacturers) 

; 

Mixture of 
synthetic, 

.    thermoplastic 
resinous 
materials 

(mixture) HE-225 Eastman Kodak 
Company 

Pure Butyl 
Methacrylate 

(Polymer has 
.. linear structure) 

Applied as mono- 
mer or partial 
polymer always 
in form of liquid 

Hardened by 
baking in 
suitable oven 

One double-bond 
per monomeric 
molecule 

'Butyl 
Metha- 
crylate' 

— Rohm & Haas 

HE-2 Eastman Kodak 
Company 

(other manufacturers make this 
type of cement for their own 
exclusive use.) 

Thermösetting Appiiea as mono= 
mer or partial 
polymer in form 
of liquid-or soft 
gel 

Hardened.by 
baking in 
suitable oven or, 
in thecase of • 
U-V-lOl, by 
exposureito 
ultra-violet light 

iwo ormore 
dpublerbphds 
per monomeric 
molecule 

ISR-ly - — - '" --_-—•—-r; Columbia Chemieät 
Company 

(Polymer has 
three dimensional 
structure) 

PKR-15 Bausch & Lomb 
L    Optical Coinpany 

Cross-linking 
mixtures 

Laminae 
#4122' 

~ — ,   American Gyanamid 
&Chemical 

- Company 

uv-^ioi     / Argus, Inc; 

Field 
Cement 

Frankford Arsenal 

Argus, Inc 

(mixture) HE-5: Eastman Kodak 
Company  . 

Figure 2001. 
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and comparatively non-volatile resins. In the 
cementing process, the volatile constituents 
evaporate* leaving the resins to act as the ce^ 
menting medium between the optical elements. 
The greater the proportion, of non-volatile res-? 
ins that remain, the harder will be the finished 
cement- (See Chapter 25 for a more complete 
description of thermoplastic cements.) 

Liquid Form.WThis is the form in which 
Canada balsam comes from the manufacturer, 
and the principal precaution to be observed in 
its use is to keep it clean. A convenient way 
to" 

T_7 

use it is to keep it in a wide-moütnea 
fitted with a conical paper cap.   A glass rod is 
a convenient tool to use for applying it to the 

lenses. After liquid cement has been applied 
to a lens, it must be heated, in the flint element 
until enough of the volatile constituents have 
evaporated to produce a cement that will be of 
the desired degree of hardness. 

Stick Form.—To prepare the Canada bal- 
sam in stick form, the liquid is heated until the 
proper amount of the volatile constituents have 
evaporated, and then it is cast or poured into 
glass tubes* After it has cooled, it is removed 
from the tube and attached to the inside cover 
of a glass jär (see Figure 2002), in which it is 
kept dust proof and clean when not in use, as 
shown in Figure 2003. The advantage of using 
the balsam in stick form is that eements of 

O 

•J 

Figure ,2002i-^-Apj>lymg. Stick Balsam to. a Lens. 
Eastman Kodak Company 
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EIGHT-PL&CE » t. 
CLAMPIRG FIXTURE^ 

Eastman Kodak Company 

Figure 2003.-^-Working Out Air Bubbles After Applying Balsam, 

'CÖLLIKSTÖR ALIGNING 
INSTRUMENT    ' 

THERMOSTAT FOR CONTROLLING 
HAT OF HOT FL&TE- 

BLACK IHK 

.CANADA BALSAM - 

ALCOHOL 

CANADA BALSA!.! 
1 

"SOAPY    .. 

Figure 2004.—Equipment Arrangement for Cementing and Checking 
Alignment of Lenses. 
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varying degrees of hardness may be supplied, 
and the cementing operator is not required to 
exercise any judgment in deciding when the 
cement has 'cooked' enough in the flint Tens, 
this is because the only preheating that Canada 
balsam in stick form requires is just enough to 
melt it so that it can be transferred to the lens. 
(See Chapter 25 for a more detailed descrip^ 
tion of preparation.) 

Applying the Cement 

Ä typical cementing bench arranged for 
using liquid thermoplastic cement, as used at 
Frankford Arsenal, is shown in Figures 2004 
and 2005. And a work bench designed for the 
using of Canada balsam in stick form, as used 
by Eastman Kodak Company, is shown iii Fig- 
ures 2002 and 2003. 

When liquid thermoplastic cement is used, 
ä 3 x 3 inch square of heavy black paper is 

placed on ä hot plate in order to facilitate the 
detection of air bubbles and to prevent the 
lenses from being scratched on the hot plate. 
A clean flint lens with the concave side up is 
placed on the black paper and covered with a 
suitable dust-proof cover, such äs a small per- 
forated cardboard box lid. The flint is usually 
concave and so serves to hold the cement and, 
iii addition, its edge is generally wider than 
the crown andj therefore, is held more easily in 
a damping fixture. The box cover is lifted 
and a small quantity of balsam is applied to 
the concave surface of the flint lens. The lens 
cover is replaced, and the balsam is heated, al- 
lowing the turpentine fumes to escape through 
the perforations in the cover. Whenever the 
balsam jar is not iii use, it is covered to protect 
it against lint and dust. 

When Canada balsam is used in stick form, 
it is not necessary to heat the balsam after it 

HEAVY BBfcGKES.PER 

Figure 20.0.5.-^Working Out Air Bubbles by Moving Growii Element-on Flint Element. 
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has been applied to the flint, as the turpentine 
is removed from it when it is molded into the 
stick. 

Uniting the Lenses 

The liquid Canada balsam in the flint lens 
becomes harder as it is heated on the hot plate. 
The hardness1 is checked frequently by insert- 
ing the point of a steel scriber into the hot 
balsam, withdrawing a drop of the material 
and allowing it to cool. The balsam will be 
hard enough to use as soon as a drop snaps 
crisply when crushed on a fingernail. Over- 
heated or overcooked balsam loses its clear am- 
ber hue, becomes brownish yellow, and should 
not be used; Since in stick form Canada bal- 
sam requires no heating, it is not necessary to 
make this test, and the elements may be united 
immediately. 

The crowrt lens is picked up with the for- 
ceps, slid onto the flint with a rolling motion, 
allowed to set for about 30 seconds, and then 
any excess balsam is squeezed out. If air bub- 
bles are present-, the crown lens is pressed with 
a cork on the side that is furthest away from 
the bubbles, as shown iii Figure 2005, and 
worked with ä rotating motion until the bub- 
bles are forced out. Then the crown is moved 
until it is concentric with, and does hot over- 
hang, the edge of the flint. Finally, a few 
more rotating strokes should be made with the 
cork in the center of the crown to prevent the 
cement from forming a wedge-shaped layer 
between the elements. 

Establishing Concentricity. — While the 
doublet is still hot, it is taken from the hot 
plate and checked for concentricity, since it 
is essential that the optical axes of the two 
elements coincide. There are three general 
methods for aligning the elements and they may 
be applied singly Or in combination, depending 
upon the type of work and the accuracy desired. 

With Clamps, -^The pair of elements is 
placed in a clamp which has either two, three, 
or four accurately-machined surfaces or con- 
tact points which grip the lenses and force 
them into physical alignment; If the individual 
lenses have been centered and edged accurately, 
as described in Chapter 13, the optical axes 
will coincide, and the doublet will be centered 

optically. The three-point clamps have two 
fixed contacts, and a third movable contact 
controlled by a spring, screw, or eccentric post. 
A two-point contact clamp holds the lenses at 
an angle from the horizontal so that gravity 
takes the place of the pressure clamp. The use 
of two V^blocks to line up a doublet is self- 
explanatory. All clamps should have carefully 
made knife-edges or round posts äs contact 
edges, and all contact edges must be lined up 
perpendicular to the supporting base. 

A clamp that uses three points of contact, 
two fixed and one movable, and used by Anchor 
Optical Company, is illustrated in Figure 2006. 
The three points are spaced approximately 
equidistahtly and the movable one is controlled 
by a spring. Hence, in using the clamp, it is 
necessary only to push back the movable point, 
lay the warm doublet On the fixture against the 
two fixed points and, releasing the third point, 
allow it tP press against the doublet. This 
pressure will tend to align the two elements as 
desired. 

Ah eight-piece clamping fixture with four 
.points of contact, used by Eastman Kodak 
Company, is illustrated in Figures 2002 and 
2003.. The clamp illustrated is used with ther- 
moplastic cements* and for continuous produc- 
tion. By the time that the operator has filled 
the eighth position, the doublet in the first 
position has set sufficiently so that it may be 
removed with safety. The clämp illustrated is 
provided with a recess to receive the doublet. 
This separates the lower surface of the flint 
from the base of the fixture and thus prevents 
it from scratching the element. 

All the clämps used for aligning elements 
during baking must be designed and used so 
that the minimum amount of pressure will be 
placed on the element during the baking period. 
It is also advisable to replace metal with heak 
insulating materials where the clamp touches 
the element. 

With Plunger Fixtures, ^r- This method 
brings the optical axis of the crown and flint 
elements into coincidence by providing ring 
pressure, through mechanical means, on the 
two outside faces. This aligns the lenses with 
the axis of the plunger fixture.   The centers of 

~*v 
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iiOV&BLE PGXHT FIXED POIKSS 

Anchor Optical Corporation 

Figure 2006.^Fixture for Clamping Grown and' Flint Elements While Cement Sets. 
(Official ILS. Navy, Photograph) -/ -r* 

the two parts of the plunger must be aligned 
accurately so that they are coaxial. 

ik fixture of this type, as used by Bausch & 
Lpmb Optical Company, is illustrated in Fig- 
ures 2007 and 2008; In this fixture, the lower 
element, usually the flint, is held by a splitting 
chuck which can be rotated on ä vertical axis. 
Supported above and aligned with it, is a hol- 
low wooden plunger made of lignum vitae or 
hard rubber (some operators use steel), which 
has a concave surface on the lower end, and a 
somewhat shorter radius than the upper or 
crawn. element.: This permits only the outer 
edge or 'ring' of the plunger to touch the glass. 
The doublet and collet are heated and bubbles 
are worked out of the cement. Then the dou- 
blet is placed in the chuck so that the flint 
element is held by the chuck when the collet is 
tightened. Next, the plunger is pressed down 
gently onto the crown lens surface. Then the 
plunger is raised, the chuck is turned a little* 
and the plunger is pressed against it again; 
This process is repeated several times until the 
crown is seated firmly on the flint element, 

after which the plunger is latched down and 
the lens is allowed to cool until the cement has 
set. 

Another type of plunger fixture, also ysea 
by Bausch & Loirib Optical Company, is illus- 
trated in Figures 2009 and 2010* and utilizes 
the principle of reflected images for aligning 
the elements, as described in Chapter 13, 
Centering and Edging Lenses. The split-ring 
chuck, which holds the flint element of the 
doublet, is mounted on ,a rotating spindle. The 
plunger is mounted in a sliding tube, and is 
aligned accurately so that the axes of both the 
chuck and the plunger coincide; 

When using this fixture, the collet and a 
cemented lens doublet are heated separately on 
an electric hot plate, and the air bubbles are 
worked out from between the cemented; ele- 
ments. The doublet is then mounted in the 
split-ring chuck so that the flint element is 
held by the chuck when the coilet is tightened. 
The chuck is rotated and the reflection of an 
illuminated image on the surface is observed. 
The plunger is pressed against the rotating 
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Bausch & Lomb Optical Company 

Figure 2007.—rMachine for Aligning Cemented Lenses with ä Plunger 
and Manual Rotation. 

LOCK- -G 
SPRING PRESSES 
LOCK INTO PLACE 

i 

frfn 

SHORTER RADIUS 
1  -!   !l       ^i i*n.Ai.trrn, 

RADIUS OF CROWN ^d~ 
T5U--HARD RUBBER 

r^P> 

ff 

IMM. 

CAN BE ROTATED MANUALLY 

Figure 2008.—Views of Machine for Aligning Cemented Lenses with a Plunger 
and Manual Rotation. 
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Bausch & Lomb Optical Company 

Figure 20Ö9.-~rMachine for Aligning Cemented Lenses with a Plunger 
and Mechanical Rotation. 

TO SYSTEM OF 
PULLEYS AND 
ELECTRIC MOTOR 

FOUR SECTION SPRING CHUCK 

LIGNUM VITAE 
(SHORTER RAD. THAN 
OUTER RAD. OF CROWN) 

HAND 
WHEEL 

BED' 

LOCKING 
LEVER 

HEAD STOCK 
(STATIONARY) 

EXTERNAL TAPER 
AND THREADS 

Figure 2010.—Plan View of Mächine for Aligning Cemented Lenses with a Plunger 
and Mechanical Rotation. 
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Figure 2011.—Collimator Aligning Instrument for Aligning and Checking 
Optical Axes of Cemented Lenses. 

Anchor QpticälCorj)öraU(>n 

lens surface and then withdrawn. Again the 
image is observed. These operations are re- 
peated until the reflections from all surfaces 
remain stationary äs the lens is rotated. 

If the lens to be aligned consists of three or 
more cemented elements, the procedure is al- 
tered slightly.   The lenses and collet are heated 

and the bubbles worked1 out äs above, then the 
lenses are mounted in the chuck so that only 
one lens is held when the collet is tightened. 
Next, the central element is trued with the lens 
held in the chuck by pressing a pointed stick 
against its edge, while observing the reflected 
image.    (A doubles-pointed stick may be used 

S$55" 
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to trite: two central elements simultaneously.) 
Then the outside element is trued by use of the 
plunger, as described above. 

With a Collimator Aligning Instrument.-^ 
A collimator aligning instruments used by 
Frankford Arsenal, is shown in Figure 2004, 
The cemented doublet is taken from the hot 
plate and centered in this instrument, as de- 
scribed in Chapter 24. 

Another collimator aligning instrument, 
used by Anchor Optical Company, is illustrated 
in Figures 2011 and 2012. It contains a collet, 
arranged to rotate about ä vertical axis on ball 
bearings, and has a hollow spindle bored to fit 
the diameter of the doublet to be checked. A 
small light source is placed at the lower end 
of the chuck spindle and a small ground glass 
screen is mounted above the collet and ar- 
ranged so that it can be swung out of the way 
when changing lenses. To use the fixture, a 
warm c1 nblet is placed so that the flint element 
is in the collet, which is then tightened by the 
large knurled hut.    Now, When the ground 

glass screen is swung into place, a small spot of 
light will be seen on the surface of the screen. 
Misalignment of the elements will cause this 
light spot to move in a circle as the collet is 
rotated on its ball bearings, with the radius of 
the circular path decreasing as the eccentricity 
of the doublet decreases. The doublet is aligned 
by moving the crown element on the flint until 
the spot of light remains stationary when the 
doublet is rotated. 

A third example of a collimator aligning 
instrument, used by Eastman Kodak Company, 
is illustrated in Figure 2013. It is quite sim- 
ilar to that just described, except that instead 
of using a beam of transmitted light moving 
on a screen above the rotating doublet, the 
operator checks the concentricity by observing 
the movement of the reflected images of a light 
source placed overhead. In this instrument, 
the chuck is motor driven, and the method that 
is used for aligning is the same as that de- 
scribed in Chapter 13, Centering und Edging 
Lenses,   in the example illustrated in Figure 

GROUND GLASS TAPER 15°- GRIND 
INTERNAL SURFACE 
AFTER ASSEMBLY 

#204 BALL BEARING 

'•;. - .•> •- y- 

COLLET.TYPE CHUCK 
TO SUIT OUTSIDE DIÄ. 
OF LENS 
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® 
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Anchor Optical Corporation 

Figure 20I2.-^Cross-sectiön View of Collimator Aligning Instrument for Aligning and 
Checking Optical Axes of Cemented Lenses.    ' 
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Eastman Kodak Company 
Figure 2013.- -Gollimatqr Aligning, Instrument for Aligning aiiu Checking 

Optical Axes öf Cemented Lenses. 

2013, the operator is aligning a doublet with a 
pointed wooden guide held on a small metal 
rest. 

Cleaning and Reworking Cemented Lenses 

When the lenses have cooled sufficiently to 
. nmverit shifting,- they are staken out of the cen- 
tering device and placed on clean paper. When 
entirely cold, any excess, Cement is removed by 
stroking with an alcöhol-soaked, camel's-hair 
brush. Too much alcohol must not be applied 
or it may seep in between the two, elements and 
ruin the cementing. 

After this, the Cemented doublet is exam- 
ined with a magnifier for air bubbles* pits, lint, 
scratches, and any other cause for rejection. 
If bubbles or particles of flint are discovered 

between the elements, they must be decemehted, 
cleaned, and fe-cemented. However, if the 
bubbles are disk-like, they can usually be re- 
moved by heating the doublet slightly on a. hot 
plate, to soften the cement,, and then pressing 
the elements together a little closer. On the 
other hand, if the Bubbles are flat or elongated, 
they are 'dry spots', and are caused by faulty 
cementing. In this case, the surfaces of the 
two. elements have been in actual contact, with 
no cement between them and have sprung back, 
leaving the area free öf all cement. When this 
trouble occurs,, the elements must be dece- 
mentedi cleaned; and re-cemented. 

The overall diameter of the doublet must be 
checked äs well, because, even though the ele- 
ments are aligned correctly from an optical 
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standpoint,, one may overhang the other suffix 
ciently, due to faulty centering, to make too 
large an overall diameter. 

Decementing.—Lenses cemented with ther- 
moplastic cements can be decemented (delam- 
inated and cleaned) by heating the doublet on 
a piece of heavy paper over a hot plate until 
the elements can be delaminated, and then 
cleaning the separated elements with a suitable 
solvent, such as alcohol. 

Correcting Cemented Lenses 

Although the individual elements of a com- 
pound lens or doublet may be accurately made, 
the cemented doublet may show poor definition, 
since either one or both surfaces may be dis- 
torted by this operation. When a compound 
lens has poor definition, it is advisable, before 
preceding with any correction, to decement 
the lenses, and test each element separately. 
If they are found to have been centered prop-r 
erly (see Chapter 13) and to have the correct 
curvature, they can be re-cemented and then 
corrected by hand polishing. 

Some Operators consider it advisable to an- 
neal cemented lenses for several hours at tem- 
peratures between 105 and i4'0°F. when high 
precision work is desired. This can be done in 
addition to correcting by hand, or it may sferve 
as an alternate method. In production work, 
the usual procedure is to inspect cemented 
lenses, and to hand correct only those which 
have poor definition. 

Hand correction of cemented lenses of up 
to 1% inches in. diameter is done on a hori- 
zontal spindle carrying a pitch polishing tool. 
The lens is mounted on a dowel ör handle with 
seating wax. The diameter of the pöliplng 
tool is at least equal to that of the lens, and 
not more than %6-inch greater, and of such a 
radius of curvature that it can be lined with 
a layer of polishing pitch about 1.4-inch thick. 
The polishing tool is prepared, arid used in the 
same manner as for standard polishing as dis^- 
cussed in Chapter 12, Fine Grinding and PdU 
ishing, Lenses. It is customary to use circular 
grooves in the polishing tool. 

PROCEDURE WITH PURE BUTYL 
METHACRYLATE AND 

THERMOSETTING CEMENTS 

These cements differ from the thermoplas- 
tic cements just discussed, in that they are 
solidified or 'set' instead of being softened, by 
the application of heat. A detailed discussion 
of these cements will be found in Chapter 25, 
but it will suffice to state here that these ce- 
ments fall into two general types, äs shown in 
Figure 2001. 

The first type is composed of pure butyl 
methacrylate cements. Cements of this type 
(which have one doublerbond per mönomeric 
molecule), behave like thermosetting cements 
at the temperature encountered in optical us-^ 
age. However, at somewhat higher tempera- 
tures, they behave like thermoplastic materials, 
and can thus be re-melted and then reset; they 
can also be dissolved by the use of suitable 
solvents, 

The second type of cements (which have 
two or more double-bonds per monomeric mpler 
cule). are eoriipOsed of true thermosetting ma- 
terials. This type is substantially insoluble 
and infusible within the limits of the particular 
organic compound represented by the möno- 
meric molecule^ Thus,, once set by the applica- 
tion öf heat, these ceihents cannot be re-melted 
arid reset. Neither can they be dissolved by 
the use of solvents. They can be removed from 
glass only by detergent action or by chemical 
decomposition. 

When using either Of the above types of 
cement, the lenses are cleaned, the cement ap- 
plied', and the doublets aligned in the same 
manner that is used for thermoplastic cements. 
But instead of setting the cement by cooling 
tue cenienteo elements jtii'ey are " »jSKed ~ at a 
temperature of 160 to gÖÖ°F, for 2 to 4 hours. 
As when thermoplastic cements are used, the 
cemented doublets are sometimes held in align- 
ment with clamps while the cerhent is .setting. 
However, the baking of lenses cemented with 
thermosetting cements and held iri clamps tnay 
induce some strain or deformation in the lenses.. 
Where it is practicable, this difficulty is avoided 
by giving, the cement a preliriiihary 'set' that 
is sufficient to hold the eleriients in alignment 
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without the use of clamps before placing them 
in the baking oven. Another source of strain 
or warpage in the glass is that, although the 
glass expands during the baking process, the 
cement contracts slightly during final polymer- 
ization which takes place at the same time. 
The effect of this contraction is especially no- 
ticeable if the cement is heated unevenly, hence 
the importance of maintaining carefully-con- 
trolled temperatures in the baking oven. 

Preparing the Cement 

The time required to polymerize the pure 
butyl methacrylate and the thermosetting types 
of cements in the baking oven can be shortened 
somewhat, and the possibility of disturbing the 
alignment of the elements can be reduced, by a 
process of pre-polymerization which changes 
the cement nearly to its solid state, but still 
keeps it sufficiently liquid so that it can be 
handled efficiently by the cementing operator. 

The process consists merely of heating the 
cement until it starts to thicken at a tempera- 
ture of about 200°F. The longer the cement is 
heated at this temperature, the thicker it will 
become. The degree to which this pre-poly- 
merization is carried depends on the skill or 
desire of the operator, some preferring it 
thicker than others. It must be remembered, 
however, that if the cement is töö viscous,, the 
result will be that the cement film between the 
lenses will be too thick also, 

Applying the. Cement 

Although PKR-15 and HET5 cements, which 
are used ordinarily äs soft gels, may be dis- 
tributed iii bottles or vials and applied with 
glass rods, it has proved much easier and 
cleaner in practice to dispense them from col- 
lapsible tiii tubes or 30 cc Luer syringes. The 
cement niay be polymerized to a gel stage in 
the .syringe, in the manner described in Chap- 
ter 25. It should be noted that UV-101 cement 
can also be gelled, if desired, but this cannot 
be done in syringes because it will creep be- 
tween the barrel and the plunger and freeze 
them in position. While the pure butyl meth- 
acrylate cements do hot gel, they may vary 
widely in viscosity. The best cements of this 
group have viscosities of about 30 poises and 

2015 

may be dispensed from any suitable type of 
container. 

Uniting the Lenses 

It is necessary to use pure butyl metha- 
crylate and thermosetting cements that are of 
the desired viscosity. If gelled cements are 
too soft, it is not possible to bake the lenses 
without aligning fixtures. If the cement is 
too thick, e.g.,—±if a thermosetting cement has 
been preheated too much and has started to set 
—any movement of the crown across the flint 
will result in the entrapment of bubbles which 
cannot be removed. 

The procedure for applying pure butyl 
methacrylate and thermosetting cements to op- 
tical elements is basically the same as is used 
with thermoplastic cements- The flint element 
is placed on the work table with the concave 
side up and a generous amount of cement is 
dropped, poured, or extruded into it. The crown 
is then placed on the flint and the cement is. 
squeezed out by the Usual procedure; Then the 
excess cement is cleaned off the elements. 

In some cases it is helpful to pre-warm the 
elements before cementing with either PKR-15, 
UV-101, HE-^5, or field cement. However, when 
using pure butyl methacrylate cements, the 
elements are pre-^warmed very little if at all, 
to prevent the cement from setting before the 
elements have been aligned. Before alignment, 
however, the doublet must be warmed on a hot 
plate to set the cement enough to hold it in a 
fixed position for alignment and movement to 
the baking oven. This warming period is usu- 
ally from 5 to 7 minutes, but the doublet must 
be watched so carefully during this warming 
that it is not considered ä practical production 
process to use butyl methacrylate in this man- 
-v» r\r*. .    ~ *• -        -   -       ' -        -   ~ - - 

Next, the crown and flint elements are 
aligned for concentricity and placed in an oven 
where they are baked from 2 to" 4 hours at 160 
to 200 °F. The only difficult part, of this pro;- 
cedure is to keep the elements aligned during 
at least the first part of the baking period. 

Establishing Concentricity and Cementing. 
—-There are two procedures used for holding 
lenses in alignment during baking. 

•Z'::\T~ 
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With C lamps.-^-The first method, which is 
mechanical,, is to place the doublet in. an aligns 
ing fixture or clamp. Such a method serves a 
double purpose, i.e., alignment of the elements 
and preservation of alignment during the bak- 
ing process. This procedure can be used with 
all pure butyl methacrylate and theriiiosetting 
cements. It is the only system which can be 
successfully employed with ungelled cements 
including all pure butyl methacrylate cements, 
UV-101 and field cement. (UV-101 and field 
cement can both be gelled, but in actual prac- 
tice neither one is used as a gel.) 

The use of aligning fixtures, such as/elatnps, 
for holding, lens do.ublets in alignment during 
baking has two disadvantages. The number of 
clamps that are required to maintain rapid pro- 
duction is likely to be costly and> in addition, 
they may cause or greatly aggravate strains 
and surface deformations. 

Without Clamps.-^With. gelled cements such 
as PKB-15, and HE-5., an optical aligning, pro^ 
cedure is available. This avoids the use of 
mechanical aligning fixtures. 

The gelled cement is. usually applied to ele^ 
ments which have been warmed to between 130 
and 160°F. A generous amount öf cement 
should be used. The crown element is then 
placed oh the flint element, the bubbles are 
worked out, and the excess cement is wiped off. 
If, at. this stage, the cement is too thin to -hold 
the elements in a fixed position for alignment 
and movement to the baking oven, it is thickr 
ened by warming the doublet. The doublet 
may be heated on a hot plate, or else by use of 
a portable heating unit consisting of aii infra- 
red light or a nichröme element held over the 
doublet. Generally the cement Will be set suffir 
ciently after heating for from 30 seconds to 
2 minutesi Next;, the^ eleitieiits ai^e- aligned -by 
optical collimatiöh. They are then placed in an 
oven and baked, äs noted above. 

The alignment.can also be made by aligning 
the edges mechanically if the greatest accuracy 
is not required. The critical part of the whole 
procedure is to move the lens, after alignment, 
to the baking oven without destroying the 
alignment. Special forceps or other devices 
may be employed, and the element should be 
held as nearly horizontal as possible at all 

times. Various baking periods have proved 
successful, but those used most commonly are 
from 2 to 4 hours at 160 to 200°F. Sometimes 
very precise work is heated for much longer 
periods at lower temperatures in an attempt to 
eliminate strains and deformations. 

Decementing 

Decementing of lenses consists of two steps, 
the first of Which is the separation or delami- 
naiion of the separate elements, and the second 
of which is the removal of cement which ad- 
heres to the separate delaminated elements. 

Beläminating lenses that have been ce- 
mented with pure butyl methacrylate or ther- 
mosetting cements is more complicated than 
When thermoplastic cements have been used. 
Most optical cementing joins together glasses 
with different coefficients of expansion, the 
principal exceptions being prism assemblies. 
ÄU delaminäting methods now iii common use 
are based on raising the temperature of the 
doublet Or subjecting it to thermal shock. With 
either method, one element tends to expand or 
contract more rapidly than the other and, When 
the temperature change is great or rapid or 
both, the effect is to develop ä shearing strain 
between the cement layer and the glass. Thus 
shearing strain per unit thickness of the ce^ 
ment will increase as the thickness of the 
cement film decreases. The shearing stress, is 
produced because the cement or the glass must 
bend or stretch äs a result of the differences in 
thermal expansion. If this deformation is not 
sufficient either the glass or the cement film 
must break, or the bond between the cement 
and the glass must loosen. 

Strains arising from temperature changes 
or thermal shock which can be absorbed by 
xhe bending or stretching öf the glass or ce- 
ment are useless for delamination purposes, 
On the other hand, if the shock is so great that 
the glass breaks, the method is of no use either. 
In practice it has been established that prop- 
erly controlledthermal shock causes PKR-15* 
UV-lOl, field cement, and HE-5 cement to lose 
(adhesion with the glass> before either the glass 
breaks or the cement film softens. This action 
seems to be aided by the presence of liquids, 
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TABLE OF SPECIAL DELAMINATING METHODS USED 
WITH OPTICAL CEMENTS 

<t< 

c 

.       ... 
TYPE OF CEMENT " 

METHOD OF DELAMINATING 
PURE BUTYL 

METHA- 
CRYLATE 

Must Be Melted or 
Dissolved. Thermal 
Shock Not Effective 

THERMOSETTING 
Cannot Be Melted or Dissolved. 

Thermal Shock Employed, Preferably 
in Presence of a Liquid 

|gent Process HE-2    . 
and Others PKR-15 uy-ioi Field 

Cement HE-5 

 : ^-Vrrr- = —  -    - 
(a)    Hot Castor Oil Melting. 1 , —- -r- •^ ^ 

(b)    Butyl Methacrylate 
Solvent 

Dissolving 3 — -^T — — 

(c)    ffigli BöiHrig-pöint 
Liquid 

Thermal Shock -=-- i   — 1 1 1 

(Ü)    Alcohol and Acetone Thermal Shock — 2 — -r- 2; 

(e)    Dry Heat* Melting, 2 — — ~   ^ -  — -. - 

Modified 
Thermal Shock' 

±- 3 -!- ^r 3 

(f)     Boiling Water** Modified 
Thermal Shock 

—- 4 —   4 

(g)    Acetoheand 
Dry Ice** 

Thermal Shock —T- 5 —= ^~ .5 

*May be used only on lenses 1-inch or more in diameter. 
**Use very limited—employed only as 'last resort* in special cases. 
NOTE:    The figures indicate the methods of delaminating applicable to the different types of cement in order of 

preference. ,... ,        -              - 

Figure 2014. 

particularly those of low surface tension and 
viscosity. 

The behavior of pure butyl methacrylate 
cements differ from those cements just men- 
tioned in that they actually soften at higher 
temperatures and. the cement film itself fails. 
The bond between these cements and the glass 
is almost never broken in delaminating opera- 
tions. Because of this fact, any doublets ce- 
mented with HE-2 or other pure butyl meth- 
acrylate cements cannot, be decremented: with 
too rapid a thermal shock. In Other words;,, 
even though a thermal shock is violent enough 
to break the glass, it will not break the gement 
or the bond; Therefore, the best method to 
decement lenses cemented with butyl methacry- 
late cements is to heat them until the cement 
softens and the elements can be forced apart. 
It is important that this heating ;be done slowly 
enough so that stresses sufficient to cause glass 
breakage do not occur before the cement 
softens. 

Methods of Delaminating.—Some sr 
methods (see Figure 2014) that have been suc- 
cessful in delaminating lenses that have been 
cemented with pure butyl methacrylate and 
thermosettihg cements are outlined below. 
However, before proceeding to delaminate any 
considerable number of elements, it is advis- 
able to develop a detailed process on a small 
scale. This is because the number of types of 
optical glass used and the variety of sizes and 
shapes of optical elements, make it difficult to 
predetermine an exact procedure. By careful 
control of methods, temperatures, etc., it is 
possible to hold breakage during decementing 
to 1 per cent. However, if the operation is 
riot properly organized and supervised, excess 
breakage may exceed any salvage value of the 
elements being processed. 

Lenses Cemented with Pure Butyl Metha- 
crylate.*   (a)   Hot Castor Oil.-^-The elements. 

•Lenses cemented with pure butyl methacrylate. may 
also be separated as described uiider "fe) Dry Heat." 
(See Figure 2014.) " 
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are heated for 5 minutes in castor oil ^glycer- 
ine must not be used;) at from 350 to 450°F. to 
soften the cement, and then the elements are 
forced apart, using asbestos gloves. This oper-. 
ation is best carried out under a ventilated 
hood. Cooling should be slow and away from 
drafts to prevent breakage. 

(b) Pure Butyl Methacrylate Solverits.-r- 
The elements are immersed in solvents for 
butyl methacrylate, stich as acetone, ethyl ace- 
tate, etc. Decementing by dissolving the ce- 
ment films is a very slow process and is used 
but seldom. 

Lenses Cemented with Thermosetting Ce- 
ments, (e) High Boiling-point Liquid.^The 
elements are plunged at room temperature into 
castor oil, gylcerine, or other high boiling-point 
liquid that has been heated to from 350 to 
450 °"F. One or two pel* cent of solid 'Aerosol 
OT' may be dissolved in the oils if desired-r- 
sonie manufacturers consider this of assist- 
ance iii breaking the bond. A 'pop' or 'cracks 
ing' noise will be heard from 5 seconds to 2 
minutes after immersion, when the thermal 
expansion breaks the cement bond. The ele- 
ments are removed about 30 seconds later. 
The exact temperature of the oil must be es- 
tablished for different sizes of elements by 
trial and error, remembering that too high a 
temperature will cause glass breakage. The 
same precautions rioted above under "(a,) Hot 
Castor Oil" should be observed. 

(d) Alcohol or Acetone. — The elements 
are heated to from 150 to 200 °F. on a hot 
plate, and dropped into alcohol or acetone at 
roorii temperature. This operation is repeated 
three or four times if necessary. (This method 
is not successful for UV-101 or field cement.) 

Dry Heat.—The elements are heated 

h 

to from öov tu 4SU-T'; on a not piate 
with fiber glass of asbestos cloth, and then 
pulled apart when interference rings appear 
throughout the lenses. This' will take from. 5 
to 20 minutes on doublets about 2 inches in 
diameter. (This method is unsuccessful when 
UV-101 or field cement has been used, and is 
not recommended for lenses less than 1 inch in 
diameter.) 

(f)    Boiling Water. — The elements are 
placed in water* brought to a boil, and boiled 

for from 10 to 30 minutes until separated. This 
method has been used successfully on PKR-lo 
elements which resist other methods, but it is 
too slow for most production work. (This 
method is riot successful with UV-101 or field 
cement.) 

(g) Acetone and Dry Ice.—^Elements at a 
temperature of from 70 to 80 °F. are dropped 
into a mixture of acetone and dry ice which 
is at a temperature of about — 60 °F. This 
rriethod is useful with PKR-15 when the dou- 
blet consists of elements made frorii the same 
type of glass. (This method is not successful 
with UV-101 or field cement.) 

Removing the Cement from the Elements, 
Pure Butyl Methacrylate.—"Pure butyl metha- 
crylate is removed from the elements by dis- 
solving in such solvents as esters, ketones, ethyl 
acetate, or acetone. Usually soaking in ä sol- 
vent for a few minutes, and then rinsing in 
clean solvent, and dryirig with a soft cloth is 
sufficient. 

Thermosetting Cement.—Since thermosetr 
ting cements are insoluble, they can be re- 
moved frorii the elements only by detergent 
action or chemical decomposition. 

Generally the cement can be removed by 
soaking the elements in a warm solution con- 
taining a small percentage of soap or a deter- 
gent such as 'Orvus' of 'AerosoJ\ After 10 or 
15 minutes Soaking, the elements are rubbed 
lightly with a piece of soft cloth or absorbent 
cotton, and then are rinsed and dried. It may 
be necessary to repeat the procedure once or 
twice. When repeated efforts fail, more strin- 
gent riiethods are necessary. Usually soaking 
for 10 to 20 minutes in a warm 2 per cent 
solution of teisodium phosphate will remove 
any residual cement. In extreme cases the leris 
iriay be iinmersed in a sulphuric-acid sodium- 
dichromate cleaning solution. 

CENTERING AND EDGING CEMENTED 
LENSES 

Optical Research, Incorporated. —• This 
coiripäny has developed a modification of the 
conventional method of centering and edging 
the flint and crown elements arid then cement- 
ing them together to form doublets. In this 
modified method, the flint element is centered 
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in the usual manner and then edged until Its 
peripheiy is circular, but not down to the fin- 
ished diameter. Next, the crown element, which 
"has not as yet been edged, is cemented to the 
flint element. This is done by using thermo- 
plastic cement and, while the cement is still 
warm (or re-heated, if necessary, to soften it), 
the doublet is aligned optically by any suitable 
aligning device such as the collimator aligning 
instrument shown in Figure 2004. When the 
elements have been aligned and the cement has 
set. the doublet is mounted on an edging ma- 
chine as a single unit* and both lenses of the 
doublet are edged simultaneously. 

By use of this method, the doublet has a 
better edge than when the elements are edged 
separately, but it is essential that the flint be 
centered and partially edged first? K this is 
not done, coincidence of- the geometric aiid the 
optical axes may not be obtained in the doublet. 
This results iii some loss of definition* and, in 

addition, makes it very difficult to re-cement a 
doublet if it is separated in service. 

Edge Coating 
Edge Sealing.—Sealing the edge of a dou- 

blet after thermosetting cements have been 
used is helpful in preventing edge separations 
upon aging- The edge of the lens is treated 
with a thin coat of water-resistant lacquer, for 
the composition of which there are many suit- 
able formulas available. One that has been 
used ät Frankford Arsenal with satisfactory 
results is given below: 

lampblack 
polystyrene 

(Cätatlin Corporation) 
flexalyn (Hercules 

Powder Company) 
toluol 
trichlorethylene 

3.7 percent 

4.5 percent 

9.0 percent 
26.8 percent 
56.0 percent 

100.0 percent 

i 

Minneapolis-Honeyivell Regulator Company 

Figure-2015.—Machine for Coating the Edges of Either Single or Multiple Lenses. 
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The best method of applying this lacquer 
is to hold the lens between two shafts equipped 
with soft rubber ends. The shafts may be 
rotated by hand or by a motor, and the brush 
containing the ink is held against the edge of 
the doublet. This places an even lacquer film 
about 0.025-inch thick all around the edge of 
the lens. 

Edge Painting.—At times it is necessary to 
paint the edge of a lens in order to reduce in- 
terval reflection. The Minneapolis-Honeywell 
Regulator Company has developed a device 
which eliminates much of the handling that is 
required in this operation and, at the same 
time, permits the paint to be applied more 
easily and more uniformly. 

It contains ä revolving head (see Pigure 
2015) that carries six spindles. Each spindle 
is equipped with a lens adapter or chuck, in 
which the lens is held by suction. In operation, 
a lens is placed in the lens adapter oh the 
spindle nearest the operator and suction is 
applied to hold the lens in position by turning 

the suction valve. Kext, the spindle is started 
and the edge of the lens is painted by holding 
a brush against the edge of the rotating lens. 
After the paint has been applied, the revolving 
head is turned, or 'indexed', through one posi- 
tion which brings another spindle in front of 
the operator. The process is repeated until all 
six spindles are loaded. When the head is in- 
dexed the seventh time, the lens that has been 
painted first is returned to the position in front 
of the operator, who then removes the lens,, 
which has dried during the time that has 
elapsed. Then a hew lens is mounted on the 
lens adapter, painted, and the head revolved äs 
before. This process is repeated with a lens 
being removed, and another mounted and 
painted, each time that the head is indexed. 

While this machine was developed for paint- 
ing the edges of lenses to reduce internal re- 
flections, it is equally suitable for edge sealing 
to prevent separation of cemented lenses. Ei- 
ther single or multiple lenses may be mounted 
in the lens adapters. 
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CHAPTER 21 

CEMENTING FLATWORK 

1-meter Mi9io Range-finder Ocular Prism Assembly. 

Cementing the "A," "B," and "D" Prisms. 

Cementing the "G" Prism (Rhomb). 

^Testing and Correcting the Ocular Prism Assembly. 

Testing Fixture. 

Aperture. 

Halving. 

Coincidence. 

Correcting Errors in Coincidence. 

Correcting Leaning Errors. 

Finishing Operation. 

80-cm M1914 and 80-cm M1914 Mi Range-finder Ocular 
Prism Assemblies. 

80-cm M1917 Azimuth Rangelnder Ocular Prism Assembly. 

IOmeter M9 Range-finder Ocular Prism Assembly. 
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The assembly of three types of rang<Mihder 
ocular prism clusters are discussed in this 
chapter (see Figure 2101). The main distinc- 
tion between the first two types is that one type 
contains ä reticle slab in its components, while 
the other type does not. Figure 116 shows an 
ocular prism assembly which contains a reticle 
slab, and also illustrates the four prisms ("A," 
"B," "C," and "D") which are common to both 
of the first two types. 

Figure 111 shows additional details, includ- 
ing nomenclature, of the "C" (rhomboid or 
rhomb) prism which is common to both of the 
first two types. 

Figure 115 shows additional details, includ- 
ing nomenclature, of the ocular "A" prism 
common to both of the first two types, though 
it may be noted that the Width and exact loca- 
tion of the silver strip, as well as the angle 
(45° in this figure), are not always identical 
in the ocular "A" prisms discussed below. 

The km M1916 ocular prism assembly, & 
typical example of the type that does not have 
a reticle slab, is described in considerable detail. 
(This prism assembly has an etched line on its 
ocular "A" prism.) Two similar prisms are 
used in the 8(Kcm M1914 Ml, and the 80-cm 

M1914 range finders. The ocular "A" prisms 
in both of these are small andj in the latter, 
the ocular "B" prism is small as weih 

The 80-em M1917 azimuth range-finder oc- 
ular prism assembly is ah example of the sec- 
ond type that contains a reticle slab cemented 
between the ocular "A" and "B" prismSi The 
optical system, of which this azimuth prism 
assembly is a part, is such that special care is 
required in its assembly. 

The third type of range-finder ocular prism 
assembly discussed, is shown in Figure 2118. 
While the function of this third type is similar 
to that of the first two types, it differs con* 
siderably both in the nature of its component 
elements arid in the methods used for its as-^ 
sembly. Details of this third type are taken 
up ät the end of the chapter. 

Ocular prism clusters are assembled by ce- 
menting the components together with a clear, 
transparent, optical cement, into one optical 
unit. All elements that are to be cemented are 
thoroughly cleaned and inspected for imperfec- 
tions, with special emphasis being placed on 
the faces, that will be in the focal plane of the 
eyepiece, since any imperfections on these faces 
will appear in the field of visions 

P 

TABLE OF COINCIDENCE TYPE OCULAR PRISMS WITH 
UPPER HALF-IMAGES INVERTED 

TYPE COMPONENT ELEMENTS             ; DESIGNED 
BY 

MANUFACTURED 
BY 

USED IN RANGE 
FINDER MODELS 

1 Ocular "A" Prism Cwith silvered strip) 
;   Ocular "B" Prism 

Ocular "C" Prism (rhomboid or 'rhomb') 
Ocular "D" Prism (wedge) 

Bausch 
&Lomb 

Bausch & Lomb l^m   M1916 
80-cm M19i4 (small) 

80-cm M1914 Ml 

2 ;  Ocular "A" Prism (with silvered strip) 
--.r\ i:  ,trni>. -T»—! ~.  vcux&r  "£>"   ^riöin- 
Ocular "C" Prism (rhomboid or 'rhomb') 
Ocular "t>" Prism (wedge) 

'  Reticle Slab 

Bausch 
•&'Lomp 

Bausch & Lomb 80-cm M1917 AZ 
fazimuth tyg6) 

3 Roof-angle Prism 
Separator Prism 
Bottom Prism 
Right-angle Reflecting Prism 
Reticle 

Barr& 
Strpiid 

Research 
Enterprises, 
Ltd. 

1-rta   M9 
1-m   M9A1 

Eastman Kodak -.   1-in   M7 
l--m   M7A1 

•  'I 

Figure 2101. 
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The function of an ocular prism assembly* 
as used in range finders, is to receive and 
transmit the images from the left and right 
objectives of the range finder, and to combine 
them in the focal plane of a common eyepiece, 
äs well as to separate the field of view into two 
parts. (The ocular prism assemblies discussed 
in this chapter provide an inverted upper half- 
image, and ah upright lower half-image when 
used in a range finder and observed through 
the eyepiece, see Figure 2112.) 

The alignment of the component elements 
is most important, as it controls the position of 
the two half-images. With most types, one 
prism face bears a silver strip which reflects 
the image formed by one objective, and it is 
the edge of this silvered strip which forms the 
line dividing the two fields. 

Because the component elements of ocular 
prism assemblies are rather difficult to align 
with sufficient accuracy, the usual custom is to 
assemble them as carefully as possible with a 
micrometer gage and. a protractor, and then test 
the assembly for accuracy. After this test, it is 
often necessary to soften the cement, move one 
ör more elements with relation to the others, 
and then repeat the test. Sometimes this cor- 
rection process must be repeated several times 
before the finished ocular prism assembly is 
acceptable. The necessity for using this trial 
and error method of assembly can be avoided 
by making, the elements to extremely close tol- 
erances, and performing the assembly in a 
carefully-built jig. Unfortunately, however, 
this latter method requires expensive equip- 
ment, and can be justified only when a com- 
paratively large number are to be assembled. 

When a pure butyl methacrylate or a ther- 
£see Chapter 20=) is used? mosecting cemenu 

however, a special fixture* having a number pf 
set screws which are used to move the compo- 
nent elements into their proper position and 
hold them until the cement has been set by 
baking, must be employed. The detailed pro- 
cedures discussed in Chapter 20 for handling 
the various kinds of cements (thermoplastic, 
pure butyl methacrylate, and thermosetting) 
thatare used in assembling optical elements are 
the same, whether lenses or prisms are being 
processed.   In this chapter, use of Canada bal- 

sam and other thermoplastic cements is de- 
scribed in cementing ocular prism assemblies 
of types 1 and 2, while the use of pure butyl 
methacrylate cement is described in cementing 
type 3 ocular prism assemblies. 

1-M M1916 RANGE-FINDER OCULAR 
PRISM ASSEMBLY 

The following paragraphs describe the de- 
tailed procedure for assembling, cementing, 
and testing the 1-m M1916 ocular prism. 

As shown in Figure 2101, the 1-m M1916 
ocular prism assembly is composed of four 
prism elements: 

1.    Ocular "A" prism (with silver strip) 
Ocular "B" prism 
Ocular "0" prism .(rhomboid or 
'rhomb') 
Ocular "D" prism (wedge) 

Before cementing, the faces are examined 
for pits and scratches, especially the side face 
of the "A" prism (Figures 2102 and 2103) and 
the corresponding face of the "B" prism (Fig- 
ure 2102), because these faces will be in the 
focal plane of the eyepiece* and* any imperfec- 

2. 
3. 

4. 

Figure 2102.—The "A," "B," and "D" Prisms of the 
1-m M1916 Range-finder Ocular Prism Assembly 

in Position. 

SIDE FACE 
SILVERED STRIP 

Figure 2103.-rThe "A" Prism of the 1-m M1916 
Range-finder Ocular Prism Assembly. 
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VPRISM 
(WEDGE) 

SIDE FACE- 

.BLAGK PAPER 
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Figure 2104,^Assemblirig the 1-rti M1916 Kange-firider ©eular Prism. 

tion there would appear in focus with the 
image. The silver strip (see Chapter 18) on 
the "A" prism must be a perfect mirror with- 
out holes, scratches, or stains, and its edge 
that is nearest to the end. of the prism, must 
be a, perfect unbroken line, because; it is the 
line of demarcation between the upper and 
lower images. 

Cementing the "A," "B," and "IF Prisms 

A piece of heavy black paper is placed oh 
the holder to facilitate the detection of cement 
bubbles and to prevent scratches (see Figure 
2104). The purpose of the holder is to keep 
the side (upper) face of the "B" prism in a 
horizontal position. The "B" prism is cleaned 
thoroughly and placed in the holder. Canada 
balsam or other thermoplastic cement is ap- 
plied to the side face of the "B" prism with a 
glass rod and, in addition, a little balsam is 
heated in a balsam bowl, made of a concave 
lens, both of which are covered with a perfc^ 
rated cardboard box to exclude lint and dust 
(-see Chapter 20.), The balsam, both on. the 
prism and in the bowl, is heated at 330°F. 
until .it has attained the proper hardness as 
described iii Chapter 20.    The exact heating 

Figure 2105;—^Picking up the Ocular "A" Prism 
with Tweezers. 

time depends upon the amount of balsam used 
and the thickness of both the balsam bowl and 
prism, but is usually 4 to 6 minutes. While the 
balsam is baking, prisms "A" and "D" are 
cleaned thoroughly and placed on the hot plate. 
When the balsam.is ready for cementing, the 
"A" prism is picked up with ä pair of tweezers 
(see Figure 2105) -, taking care not to touch the 
polished faces, and the side face is placed on 
the side face of the '"'S" prism. However, in^ 
stead Of being set down flat, it is tilted and 
then 'rolled' onto the "B" prism. If this is 
done carefully, there will be comparatively few 
bubbles to be worked out. 

Next, the balsam bowl is picked up with the 
tweezers, some balsam poured over the 25 ° face 
Of the "A" prism and, after setting the balsam 
bowl down, the small "©" wedge is picked up 
with the tweezers and its non-hypotenuse face 
rolled onto the "A" prism. This 'rolling' or 
'tilting' technique is used for cementing all 
ocular faces. 

The next step is to lift all three elements off 
the 'holder as a- unit £see iFiölire 21-66).^. t-ur-n 
them over, and place them on any flat surface, 
such äs a steel scale (disregarding ahy gradua- 
tions) with the bottom face of the "A" prism 
down (see Figure 2107). 

Using a micrometer depth gage, the end of 
the "A" prism is set at such a distance from 
the end of the "B" that "B" extends 0:05.0 inch 
beyond "A," as shown in Figure 2107. When 
the prisms are cool, they are removed from the 
scale by tapping it lightly, and the assembly is 
cleaned with alcohol.   If it is dipped in alcohol, 

l) 
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SPECIAL    TWEEZERS 

Figure 2106.—Lifting All Three Elements off the Holder at One Time. 

j. 

it should be dried promptly^ as soaking in alco- 
hol will cause the alcohol to seep between the 
cemented surfaces. 

MICROMETER 
DEPTH GAGE 

STEEL SCALE 

I 

Xa»»' 

Figure 2107.-^Position of Three Elements on a 
Steel Scale. 

Cementing the "C" Prism (Rhomb) 

After cementing the three elements ("A," 
"B," and "D") together, the "C" prism or 
rhomb must be added to complete the ocular 
prism assembly. The rhomb is cleaned and 
placed on the hot plate with one of its pol- 
ished 135° faces in contact with a clean paper. 
Canada balsam is then applied to the upper 
135° face and heated to the desired degree of 
hardness. Then the pärtly-äsienlbled ocular is 
picked up in the 'hand* the bottom face of the 
"A" prism is heated gently over an alcohol 
lamp, and then this face is rolled onto the 
rhomb; Care should be exercised in heating 
the "A" prism, because if it is overheated, the 
cement between the "B" and "D" prisms will 
melt, and slippage will occur. After the air 
bubbles are removed from between the "A" 
and the ,fC" prisms the ocular assembly is 

turned over with a quick twist of the wrist 
so that the rhomb is on the top, as shown in 
Figure 2108. A depth gage and an adjustable 
protractor are used to determine the correct 
position for the rhomb (see Figure 2109). 

The rhomb should be placed so that it is 
0.840 inch from the end of the "A" prism 
along the focal plane (where "A" and "B" 
join) to side 1 of the rhomb, as shown in Fig- 
ure 2110 (b). The 'rhomb angle' is 49° 15' and 
is formed by the emergent face of the Wedge 
and either side 1 or 2 of the rhomb. Sides i 
and 2 of the rhomb are parallel, but for prac- 
tical reasons the protractor is used against 
side 2. Moving the rhomb into the fight posi- 
tion by means of a depth gage and protractor is 
a delicate operation and requires steady hands^ 
The 'rhomb distance' and the 'rhomb angle' are 
checked alternately Until the prism assembly 
cools enough for the cement to set, because any 
change in the position of the rhomb will affect 
the position Of the images. The assembly is 
now laid down so that the top of the "A" prisni 
is on the bottom and the rhomb is on top* as 
shown in Figure 2108, and is left until it is 
completely ^ööi;. - -   - 

HOMBCHD 

Figure 2108.—Placing the "C" or Rhomboid Prism 
on the "A" Prism. 
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DEPTH   GAGE 

RHOMBOID 

DEPTH GAGE 

Figure 2109.—Setting the "C" or Rhomboid Prism by Using a Protractor 
and Depth Gage. 

J   - 

After cooling, the assembled prism cluster 
is cleaned carefully with alcohol, and is then 
placed in a testing 'fixture to check the align- 
ment of the component elements. 

Testing and Correcting the Ocular Prism 
Assembly 

Testing Fixture.---The testing fixture, used 
for testing the alignment of the components of 
ah ocular prism assembly, is usually a ränge 
finder (e.g., Figures 1Ö1 and 102) which is 
either set tö an outside target of known range, 
or else is placed an an aligning fixture that con- 

tains one fixed collimator and two adjustable 
collimators Which can be set so as to simulate 
the. ränge of an outside target.   An example of "" 
the latter type of fixture is shown in Figure 
2111, 

When using an aligning fixture of the above 
type, the collimators may be set to simulate 
any convenient range, but 1000 yards, is used 
ordinarily. The accuracy of the tests made by 
such a fixture on an ocular prism assembly 
can be determined only by subsequently placing 
the assembly in an actual range finder.   Then 

id 
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SIDE 2 

RHOMB   ANGLE 

SIDE I 

^ RHOMBOID 

RHOMB DISTANCE 

» (a) (b) 
Figure 2110.—Position of Half-images and Method of Correction. 

ELECTRIC  LIGHT  BULBS ADJUSTING    DEVICE 

RETICLE 

SET 
SCREW 

-METAL   BASE EYEPIECE ^RANSE    FINDER 

Figure 2111.v-Cöllirnator Aligning System for Testing the Ocular Prism Assehibly. 

if, by adjusting the range finder, the coinci- 
dence of the images of a known target fulls 
within specified tolerances, it can be assumed 
that the fixture itself will give satisfactory re- 
suits when used for testing the alignment of 

the components of any ocular prism assembly 
of a similar type; From the above explanation,, 
it will be seen that the indications of the fixture 
are on a relative, rather than on an absolute 
basis. 
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Apertures—The image observed whtn view- 
ing a target through any of the ocular prism 
assemblies discussed in this chapter is com- 
posed of two separate lialf-images of the same 
portion of the target, one inverted with respect 
to the other.: The inverted half-image, which 
is the upper one, enters the prism assembly 
through the "B" prism, and the upright half- 
image, which is the lower one, enters through 
the "C" prism, as shown in Figure 116; The 
aperture of an ocular prism assembly is gov- 
erned by the parallelism of the rays of light of 
the two exit pupils which form the observed 
image. Each exit pupil is a reduced half-image 
of a corresponding entrance pupil in either the 
"B" or the "C" prism. When the two exit 
pupils are exactly superimposed the aperture 
of the ocular prism assembly is 100 per cent. 

To measure the parallelism of the light rays 
traversing the ocular prisih assembly* a dynam-? 
etef, or exit pupil tester, is used to examine the 
image transmitted by the prism assembly as it 
rests in the test fixture. Since the test fixture 
brings the two images of the exit pupils into 
focus on a reticle at the focal plane of an eye- 
piece, it is in this plane that the degree of 
parallelism of the light rays can be measured. 

Non-parallelism of rays, or the lack of com- 
plete overlap of the images, can be expressed 
either by measuring the width of that portion 

of an image of an exit pupil which is not cov- 
ered or overlapped by the image of the other 
exit pupil (expressed in tenths of millimeters 
or in thousandths of an inch), or by estimating 
the percentage of the diameter of the image of 
one exit pupil which is covered or overlapped 
by the image of the second exit pupil. 

Lack of parallelism is corrected by adjust- 
ment and experimental matching of component 
elements after the initial cementing and testing 
operation. (See Chapter 20 for decementing 
information.) 

Halving.-^—When corresponding parts of the 
two half-images touch the halving line (which 
is established by the edge of the silver strip on 
the "A" prism), the ocular prism assembly is 
said to be halved correctly. If the half-images 
appearing in the upper and löwer portions of 
the field are not equal, i.e., if they are top low 
or too high, it can be said that there is=an error 
in halving. 

Halving errors can be corrected within rea- 
sonable limits by rotating the penta prisms in 
the range finder. If the halving error is too 
great to be corrected in this manner it must 
be corrected by changing the alignment of the 
component elements of the ocular prism as- 
sembly. At times, it may be necessary to go 
even further and replace a component element. 
If this is necessary* it is because the halving 

•"*->, 

(a) No Error in Coincidence (b) Error in Coincidence 

Figure 2112.—^Images Showing Absence and Presence of Errors in Coincidence. 
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error is due to improper dimensions of the in- 
dividual elements of the assembly. (See Chap- 
ter 20 for decementing information.) 

Coincidence.—Error in coincidence is a re- 
sult of the misalignment of the assembled 
components of an ocular* prism assembly, and 
is shown by a lateral displacement of the two 
half-images when given a performance test in 
an instrument or ä test fixture. (See Figure 
2112.) 

When a collimating fixture is employed, the 
prism assembly can be said to be in perfect 
alignment when the two halves of the half- 
images are in. coincidence. 

Since the adjustment of the ocular prism 
cluster in the assembled range finder is limited 
to a small adjustment for correcting range, it 
is necessary that the component elements be 
assembled so that the field of view consists of 
an inverted upper halMmage and an erect 
lower half-image in the focal plane of the eye- 
piece, and also that the component elements, 
as well as the assembled uiiit, be within the 
necessary dimensional tolerances. 

Correcting Errors in Coincidence.-r—If the 
two images are too far apart (in other words, 
if the error iii coincidence is too great tö be 
overcome by adjustment in the instrument it> 
self), the alignment of the elements of the 
ocular prism assembly itself must be changed. 
If the position of the images is as shown in 
Figure 2il0 (a) the "B" prism must be moved 

.___.    -- —----..      - r;- - -2M9-= 

back, in the direction of the arrow oil "B" in 
Figure 2110(b), 

In order to move the "B" prism, the rhomb 
must be taken off first, either by heating the 
rhomb over an alcohol lamp or by a short sharp 
blow on a side with a piece of wood, such as 
a brush handle. The prism assembly minus the 
rhomb is re-heated on a steel scale (Figure 
2107) and the amount that the "B" prism over- 
hangs the "A" prism is reduced from 0*050 
inch to perhaps 0i025 inch. The rhomb is re- 
placed in the manner described earlier, and the 
prism assembly is again examined in the test- 
ing fixture, if the range error, while still top 
great, is now such that a shift of less than 
0.020 inch (see Figure 2115) of the rhomb will 
bring the images into coincidence, the rhomb 
is moved in the direction of the arrow on the 
rhomb shown in Figure 2110(b). This is done 
by decementing, and then re-cementing the 
rhomb in a new location determined by using 
a micrometer depth gage. This procedure must 
be repeated until the images are in coincidence. 

If the images have a position as shown in 
Figure 2113(a), prism "B" is moved in the 
direction shown by the arrow on "B" in Fig- 
ure 2113 (b). Moving the rhomb in the oppo^- 

. site direction would have the same effect, but 
this is not permissible, since the 'rhomb dis- 
tance' while it can be less, must not be over 
the initial setting öf 0.840 inch from side 2 of 
the rhomb to the end of the "A" prism. 

RHOMBOID 

(a) (b) 
Figure 2113.^—^Position of Half-images when Checking Alignment of Prisms and 

Direction of Movement of "B" Prism for Correction. 
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(0) TOWARD LEFT (b)TOWARD RIGHT 
Figure 2114.^-Examples of Lean of Half-images when Checking Cemented Prisms 

for Alignment. 

Correcting Leaning Errors.—If the images 
are leaning, i.&} if vertical lines 'of the target 
do not appear vertical in the test fixture, they 
can be straightened by changing the 'rhomb 
angle'. 

If the images lean as shown in Figure 
2114(a), the rhomb angle must Tse reduced; 
and if they lean as shown in. Figure 2114(b), 
the rhomb angle must be increased until the 
images are straight. A change of a fraction 
of 1° (10 to 15 minutes) is usually sufficient. 

The rhomb angle may vary with each indi- 
vidual ocular prism assembly, due to slight 
angular errors in the component elements. To 
compensate for an error of —15 minutes in 
the width, for instance, will require an increase 
in the rhomb angle of 15 minutes, in order to 
straighten the images, and vice versa. 

TABLE OF RHOMB DISTANCES, WITH 
MAXIMUM DEVIATIONS, AND RHOMB 

ANGLES FOR TYPES 1 AND 2 
OCULAR PRISM ASSEMBLIES 

OCULAR PRISM 
ASSEMBLY 

RHOMB DISTANCE 
(in inches) 

RHOMB 
ANGLE 

(in,degrees 

Deviation Distance minutes) 

1-hi   M1916 0.840 -0.020 49°  15/ 

80-cm M1914 
(small) 

0.780 —0.015- 46° 05' 

80-cm M1914 Ml 0.840 —0.020 49° 15' 

80-cm M1917 AZ 0;840 —0.020, 50° 10' 

Figure 2115. 

Finishing Operation 

As a finishing operation, that part of the 
"B" prism which extends beyond the end of 
the "A" prism is ground off with 'FF' abrasive, 
•so that the "A," "B," and !«D" prisms are flush 
at the end. (.Nothing is ever ground off the 
end pf the "A" prism.) 

80-^cm M1914 and 80-^cm M1914 Ml Range- 
finder Ocular Prism. Assemblies 

The 80-cm M1914, and the 80-cm M1914 Ml 
range-finder ocular prism clusters may be as- 
sembled in exactly the same manner äs the 1-m 
M1916 range-finder ocular prism assembly ex- 
cept that, where the rhomb angle or the rhomb 
distance varies, a corresponding allowance 
must be made. See Figure 2115 which gives 
the rhomb distances, with maximum devia- 
tions, and the rhomb angles for the first four 
ocular prism assemblies discussed in this chapr 
ter. See, also, Figure 2116 which shows the 
difference in the silvering and relative size pf 
the "A" prisms*, as well as the difference in- 
angles and relative size of "B" prisms, in the 
first four ocular prism assemblies discussed in 
this chapter. 

80-CM M1917 AZIMUTH RANGE-FINDER 
OCULAR PRISM ASSEMBLY 

The 80-^cm M1917 azimuth range-finder ocu- 
lar prism assembly consists of four prisms and 
an etched reticle which is called the 'reticle 
slab'. 

^^r^ 
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Figure 2116.—Comparison of Ocular "A" and "B" Prisms Used in Types 1 and 2 
Range-finder Prism Assemblies* 

• 

In the azimuth-type range finder in which 
this ocular prism assembly is used, it is neces- 
sary to have ä range scale appear in the field 
of the instrument. To accomplish this, the scale 
or reticle pattern is etched on a thin parallel 
plate. The resultant reticle slab is cemented 
between the "A" and "B" prisms in such a 
manner that the scale appears in the lower 
field, parallel to, and directly underneath, the 
dividing line. 

When the range finder is used, the range of 
an object is determined by a method of trian- 
gulation, the base line of the triangle being the 

-reticle „slab .contained: in the. .omlar prism as- 
sembly in the instrument. The extreme short- 
ness of this base line in comparison to the 
range, coupled with the fact that the two im- 
ages brought together by the prism assembly 
undergo from two to five or more reflections in 
the ocular prism assembly alone, requires the 
highest precision in the processing, and align- 
ing of the component elements of the assembly. 

Since this ocular prism assembly consists 
of five elements, the cementing is somewhat 
more difficult than that previously discussed. 

Prisms "A," "B," "D," and the reticle slab are 
cemented in one pperatipn. The first step is to 
heat a clean slab over an alcohol flame* and 
then to cement the slab to the "B" prism (see 
Figure 2117). Then cement is poured over 
both the slab and the "B" prism, and the "A" 
prishl is cemented to them. When this has, 
been completed, the remainder of the process 
is the same as that already described for the 
1-m M1916 ocular prism assembly. 

While the elements are still warm* the slab, 
is aligned by moving it into place with a pointed 
instrument, such as a needle in a pin vise. The 
slab should be set so that the range scale 
is parallel to and close to, but not touching, 
the halving line as established by the silver 
strip, and with a clearance of about half the 
length of one graduation (see Figure 2117). 

If the. top, or inverted image is put beyond 
the i5 mark, while the instrument is set for a 
range of iOOO yards* the "B" prism will have 
to be moved as described earlier, see Figures 
2110(b) and 2113(b). After that, any neces- 
sary final adjustment is made With the rhomb, 
see Figure 2110 (b). 
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RETICLE SLAB *./ 

SILVER 
STRIP 
ON "A0 

PRISM 

GRADUATIONS 
ON RETICLE 

SHORTEN    RH0M8 
DISTANCE   .005" 

SHORTEN   RHOMB 
DISTANCE    .010" 

ROUGH   TOLERANCE.FOR. 80 
1917  ÄZ. OCULAR 

CM 

MOVE "BM OUT    0.-007", TO    0.008" 
SHORTEN    RHOMB DISTANCE   BY   0.020" 

(EXTREME    LIMIT    FOR    MOVING     RHOMB) 

Figure 2117,---Löcation of Keticle Slab and Directions for Aligning the 80-cm M1917 
AZ Ocular Prism Assemblies for Various Images Observed in Test Fixture. 

1-M M9 RANGE-FINDER OCULAR 
PRISM ASSEMBLY 

The 1-m M9 range-finder ocular prism assem- 
bly.?, shown in Figure 211$, is an example of the 
third type of ocular prism cluster listed in Fig- 
ure 2101.. The same unit may also be used in a 
Irin, M7, Irm M9A1,, or 1-m M7A1 range finder, 
as shown in Figure 2101. This type of prism 
cluster,, which functions like the first two types 
discussed in this chapter, is composed of five 
component elements—a roof-ähgle prism, an 
irregular-shaped separator prism, aii irregular- 
shaped bottom prism, a right-angle reflecting 
prism, and ä reticle. The reticle contains a 
short index line, and is also useful as a protec- 

tion over the cemented division line between 
the roof-angle and the separator prisms. 

A pure butyl methacrylate cement (HE-2, 
s|e Chapter!? 20 and 25} is u;sed in the assem- 
bly, since this cement is unaffected by tempera- 
tures ranging from --40 to 160°FM and since 
it is also immune to prolonged atmospheric 
exposure under 95 per cent relative humidity. 
Thermosetting cements may also be used with 
slight variations in the technique described. 

Assembly of this type of ocular prism clus- 
ter involves grinding and polishing, as well as 
cementing, operations. The following descrip- 
tion gives the principal operations, in order of 
occurrence. Q 
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The first step is tö place the separator and 
the roof-angle prisms in an aligning clamp, 
provided with suitable adjusting screws, and 
cement them together, as shown in Figure 2118. 
In cementing these prisms, it is important that 
the cement layer be thin so as to obtain a fine 
dividing line. A thin layer is obtained by ma- 
nipulating the adjusting screws in the clamp, 
and must be carefully performed* as excessive 
pressure will cause strain, while the proper 
pressure forces the cement to a desirable thin- 
ness. Desirable thinness is determined by ob- 
serving the interference bands in white light— 
the more brilliant the color* the thinner the 
layer. Ah absence of color means that the layer 
is thicker than about 0;003 millimeters. The 
thicker the cement, the longer it takes to polish 
the faces so that a satisfactory dividing line 
is obtained between the two prisms. Another 
consideration is that the lower refractive index 
of the cement makes it possible to use a more 
common, higherTindex crown glass in the sep- 
arator prism*   This, in turn, makes it desirable 
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to maintain the cement layer at about 0.001 
millimeter. When the cement layer is of the 
desired thickness, the clamp with its elements 
are put in an oven at about 160°F. for about 
6 hours. 

The cemented roof-angle and separator 
prisms are ground, first, oh the faces which 
are to contact the bottom prism and, second, on 
the faces which contain the dividing line that 
will delimit the two half-images. These same 
faces are then polished, in the same order. 

The right-angle reflecting prism, and the 
roof^angle and separator prism combination 
are cemented to the bottom prism iit one oper-? 
ation. At the same time the four-prism unit 
is aligned optically. This cementing operation 
is accomplished in a separate clamp with sxiiU 
able adjusting screws, and the adjustments are 
made while the cement is soft. Sufficient ce- 
ment should be used to enable the parts to be 
moved without the cement drying out at the 
edges.   Alignment is checked in the optical sys- 

RETICLE TO BE CEMENTED 
EDGE TO EDGE WITH SEPARATOR 

PRISMAS SHOWN 

ROOF-ANGLE 
PRISM 

DIVIDING 
l-INE SEPARATOR 

PRISM 

RIGHT-ANGLE 
•REFLECTING 

PRISM 

Research Enterprises Limited 

Figure 2118.—1-m M9 Eange-finder Ocular Prism Assembly. 
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tern of a range finder, or in a test fixture con- 
taining a range finder, as described above. 

After cementing and alignment, the clamp 
together with the four aligned prisms is placed 
in an oven and the cement polymerized at 
160°F. for 4 hours. (It should be noted that 
the polymerization in the first cementing oper- 
ation is for a longer period. This: is done in 
order that the cement be hardened to a greater 
degree than in the second cementing.) 

The last operation in assembling the ocular 
prism assembly is to cement the reticle to the 
cemented four-prism unit, using the same fix- 
ture that is employed in the second cementing 
operation. This is done as a final operation 
because it permits the fe-polishirig of the faces 
containing the line dividing the two hal£- 
images, without decementing any of the four 
cemented prisms. Ee-polishing of these faces 
sometimes becomes necessary because after the 
reticle is cemented in position^ minor defects 

are discovered through use of the test fixture; 
it then becomes necessary to remove the reticle 
to polish out these defects. Thus, being able to 
remove the reticle without disturbing the rest 
of the assembly is a distinct advantage. Also, 
minor air pockets may sometimes develop along 
the dividing line. The practice of cementing 
the reticle in place last, allows the fresh ce- 
ment, which acts as a solvent for the polymer- 
ized cement, to fill in these air pockets. 

After the reticle is cemented in place, the 
entire ocular prism assembly is polymerized at 
i60°F. for 2 hours. 

If, at any polymerization period, the prism 
assembly becomes cemented to the clamp, it is 
easily removed by heating on a hot plate. The 
high conductivity of the metal in the clamp 
permits softening of the cement between the 
clamp and the prism cluster, before affecting 
the cluster itself. 

•*.*• 
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In general, the surfaces of precision optical 
elements are finished with such accuracy that 
their quality cannot be tested satisfactorily by 
mechanical methods. Many measurements taken 
with a micrometer over an entire surface, and 
with much care and skill, could be of less value 
than indications that can be obtained imme- 
diately and with comparative ease when the 
element is tested optically against a reference 
surface. While the use of reference surfaces 
involves the interference phenomena of Hght> 
such use can be made without knowledge of 
these principles. The indications are expressed 
in terms of baiids or rings of light or darkness 
which serve to measure the shape of a surface 
and, in general, will apply to either flat or 
spherical surfaces. A flat reference surface is 
called an 'optical flat', and a spherical one is 
called a 'test glass'. 

A variety of terms are in use to describe 
the effects observed when testing with refer- 
ence surfaces, such as 'fringes', 'bands', 'lines', 
and 'rings'. 'Fringes'* is more nearly the ge- 
neric term and is so used in this chapter to 
include all of the other terms mentioned. For 
simplicity,, the term 'band' will be used in this 
chapter in connection with testing flat surfaces, 
and 'rings' with spherical surfaces. 

The 'rainbow colors' seen in a thin film of 
oil oh water are the result of light being re- 
flected from both the top and bottom surfaces 
of the oil film. The same phenomenon is seen 
when light is reflected from two polished glass 
surfaces separated by a thiii film of air. When 
light of only one color (monochromatic light) 
is used, bands of light and darkness are formed 
instead of rainbow colors. 

The bands are visible when the separation 
between two surfaces is small, i.e., when the 
surfaces fit closely; For clarity, however, the 
illustrations that follow show this separation 
greatly exaggerated. As the distance between 
the surfaces increases, the width of the bands 
decreases. Furthermore, the bands will be seen 
toi move when the film of air is made thinner 
by applying pressure to the elements. Hence 
this movement serves to indicate a change in 

•Hardy, A. C. and Perrin, F. H. The Principles of 
Optics, ;pp. 570^-579. New York and London: McGraw- 
Hill, 1932. 

the separation between the two surfaces. By 
observing the direction of the movement and 
the pattern of the bands, the quality of one of 
the surfaces can be determined if the quality 
of the other is known. Usually a reference 
surface is placed on one side of a disk of glass, 
quartz, or some similar transparent material, 
the other side being polished so that it is only 
approximately flat, and the reference surface 
being designated by a heavy bevel» or by an ar- 
row, or by some other significant mark etched 
on the side of the flat. 

REFERENCE PIECES 

To determine the quality of a surface by the 
optical method just discussed, it is necessary 
to have a reference surface of known quality 
which has a curvature opposite to that of the 
surface to be tested1. That is, to test a convex 
surface, a concave reference surface is used, 
arid to test concave surface,, the reference 
surface mus+ be convex, and finally, to test ä 
flat surface, the reference surface must be flat. 

Cleaning the Surfaces 

Before testing; a surface, the surfaces of 
both the element and the reference piece are 
cleaned with ä soft cloth soaked with alcohol 
and then wiped dry, ;any remaining lint being 
removed with a camel's-hair brush. Both sur- 
faces must be free of dust, lint, grease from 
the hands, or any other foreign matter. A 
piece of lint between the surfaces may separate 
them so much that the bands may become too 
narrow for accurate observation and will pre- 
vent the surface from coming into sufficiently 
intimate contact to be sure of an accurate test. 

Viewing the Fringes 
The reference surface is placed oh the sur- 

face to be tested, and the two are brought to- 
gether gently, with as little sliding motion as 
possible, in order to avoid damaging the sur^ 
faces. Normally, the Weight of the reference 
piece is enough to force out all but a thin layer 
of air between the surfaces so that bands will 
appear. The bands are now seen by viewing 
the reflection of diffused monochromatic light, 
as shown in Figure 2201, taking care that the 
angle of observation A is as small as practi- 
cable; 
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MONOCHROMATIC 
LIÖHT 

jq*EYE 

OPTICAL FLAT 

FLAT ELEMENT 

A=ANGLE OF OBSERVATION 

E-igure 2201.—rDiagram Showing Method of Viewing 
Fringes Through a Test Piece (In This Gase, . 

an Optical Flat). 

Fringes as Units of Measure 

The relation between the pattern of the 
bands and the separation between two surfaces 
(one an optical flat, and one a flat element) is 
illustrated in Figure 2202. Imagine the equally- 
spaced planes a, b, c, d, e, and f*. all parallel to 
the optical flat. Suppose further, that the 
planes remain equally spaced and parallel to 
the flat, even when it is tilted to any position. 
Since the optical flat is tilted in the illustration* 
the planes intersect the surface being tested. 
If the surface being tested is truly flat, the 
planes intersect it in a series öf equidistant 
parallel lines which are the center lines of the 
dark bands in the illustration. Thus, straight 
bands indicate a wedge of air between two flat 
surfaces. 

Figure 2208 shows how ±he ;planes intersect 
a spherical surface. Here the fringes take the 
form of rings because the thickness Of the layer 
of air is the same at any point under a fringe, 
no matter how it is curved. The illustration 
shows the pattern formed when a convex sur- 
face is compared with an optical fiat when the 
thinnest part of the layer cf air will be at the 
center. However, the same pattern will be 
formed when a concave surface is used, except 

that then the thickest part of the layer of air 
would be at the eenter, and the fringes would 
show how the layer becomes progressively thin- 
ner toward the edges, because the widths of the 
fringes would be successively wider as viewed 
from the center to the edge. The greater the 
number of fringes that are visible, the greater 
is the change in thickness of the layer of air 
between the center and the edge and, therefore, 
the greater is the difference between the curva- 
ture of the surface being tested and that of the 
optical fiat. If a flat is placed oh an unknown 
surface and 3 fringes are seen, the surface is 
said to have a curvature of 3 fringes. 

When the departure from flatness is less 
than a band, the altitude h of a segment of a 
central band is estimated by determining the 
proportion which the altitude of the segment 
bears to the Ividth of a band. This is done by 
using a straightedge to project both the width 
of the band and the altitude of a segment, as 
shown in Figure 2204. The width of a band is 
the distance from the center of one dark band 
to the eenter of an adjacent dark band. The 
altitude öf a segment is the altitude of the arc 
of the band subtended by a straight line. Thus, 
in the illustration, the surfaces being tested 
show a flatness of 14, Via»- and 1 band respec- 
tively. It will be noted that when the flatness 
is 1 band, the altitude of a segment and the 
width of a band are the same. 

Testing Spherical Surfaces 

The indicating surfaces that are associated 
with spherical reference pieces may be con- 
sidered to be portions of concentric spheres 
(see Figure 2205), the surfaces of which are 
separated by the same small distances as were 
the planes with the optical flat as shown in 
Figure 2202. When the test glass is placed on 
another spherical surface (see Figure 2205), 
these concentric spheres will intersect the stir-? 
face being tested in ä series of concentric cir- 
cles which will be the centers of the dark rings 
in the illustration. The center of the dark ring 
pattern is either the thickest or the thinnest 
part of the air layer separating the two sur- 
faces. The greater the number of rings seen, 
the. greater is the difference in curvature; 
therefore, if 3 rings are seen, the: surface being 

}   - 
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Figure 2202.—Diagram Showing Relation Between Bands end the Separation Between 
an Optical Flat and a Flat Surface. 
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Figure 2203.—Diagram Showing Relation Between Bands and the Separation Between 
ah, Optical Flat and a Spherical Surface. 
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Figure 2204.—Diagram Showing Method of Determining Degree of Flatness by Use 
of an Optical Flat.    This Diagram also Shows the Method of Determining 

the Altitude (fe) of a Segment when Using an Optical Flat. 
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tested is considered as having a curvature of 
3 rings with respect to the curvature of the 
test glass. 

If a surface is uniformly spherical over its 
entire area, the rings will be round and equal 
in- number, ho matter where the reference sur- 
face is applied. It is important to test the 
surface at more than one place, however, since 
otherwise ah erroneous reading, may result. 
For example, let it be assumed that ä spherical 
surface has one area, A, with a definite radius 
of curvature which is different from areas B 
and G. If the test glass is located centrally 
over area A, round rings will be observed, but 
if the test glass is placed at a nearby location 
so that it centers between A and B, or A and C, 
the rings will lose their roundness and thereby 
reveal the unevenness of curvature of the sur- 
face being tested. (For a further discussion of 
testing of spherical surfaces, see under -'Test^ 
ihg the Surfaces of Optical Elements" later in 
this chapter.) 

Determination öf whether the center of a 
pattern of rings indicates that a thick or a 
thin layer of air separates the two surfaces, 
can be made by applying pressure at that point. 
Generally, rings move towards thick air layers 
and away from thin layers* i.e., if pressure is 
applied at an area where the layer of air is 
thick, the rings will move towards the point 
of pressure. Conversely, if pressure is applied 
where the layer of air is thin, the rings will 

move away from the point of pressure; This 
test must be used carefully because of the dan- 
ger of injuring the surfaces. Also, if the angle 
of observation, A in Figure 2201, is increased, 
i.e., if the observer's head is lowered, the rings 
will move toward the center of the pattern and 
fewer will be seen if the thicker air layer is at 
the centers of the surfaces. Conversely, the 
rings will move away from the center and more 
rings will be seen if the; thicker air layer is at 
the edge of the surfaces. 

When the two surfaces are so nearly of the 
same curvature that only a few rings can be 
seen, the thinnest part of the air layer is not 
readily seen by changing the angle of observa- 
tion. However, a surface whose radius of cur- 
vature is either too short (high) or too long 
(low) can be recognized by the direction in 
which the rings move while the reference sur- 
face is being applied. As the reference piece 
settles, the curvature of the rings and the di- 
rection of their motion may be observed. 

If the rings move away from their center, 
the radius of curvature is too short, (i.e., high 
surface) in the case of convex elements, see 
Figure 2206(a), too long (i.e., low surface) in 
the case of concave elements, as shown at (d). 
If the rings move toward their center, the ra- 
dius of curvature is too short (i.e., high surr 
face) ir\ the case of concave elements, as shown 
at (c), or too long (i.e.x low surface) in the 
case of convex elements, as shown at (b). (As 
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OBSERVED 
RING RQJtERNS 

Figure 2205.—Diagram Showing Examples of Ring Patterns Observed when 
Testing Spherical Surfaces. 

explained in Chapter 12, the terni 'high' indi- 
cates that the radius of curvature is too short, 
and the term 'low' that the radius of curvature 
is too long. See first column of Figure 1212, 
Troubleshooting fable for Radius Polishing,) 

Sources of Error 

The- curvature or flatness of ä surface is 
indicated by the pattern of bands or rings that 
is formed against a reference surface. The 
methods just discussed for evaluating the cur- 
vature or .flatness of a surface are based on the 
assumption that the reference surface is per- 
fect. However, any inaccuracy in a reference 
surface will cause a corresponding inaccuracy 
iri its indications. For example, if ah optical 
flat is within *4 band of true flatness, there is 
an,error of *4 band in all of its indications. , 

Reference pieces are made of transparent 
materials which are subject to expansion or 
contraction with changes in temperature. A 
non-uniform temperature in a reference piece 
distorts the surface and causes errors in its 

indications.    In fact, the heat of the hand is 
often enough to cause a noticeable distortion 
when the reference piece is made of crowii 
-glass.   Grystal quartz, fused qüärtz, and 'pyrex' 
have rather low thermal coefficients and are 
not affected so much by a non-uniform temper- 
ature as, for example, crown or plate glass. 
The main function of a reference surface is to 
determine the curvature and uniformity of the 
surface being tested.    During the polishing 
operation, an element or a block of elements 
may be warmed considerably by the polishing 
'action, and it is seldom that this change in 
temperature will be uniform throughout the 
block.   In any event, the surface being tested 
will be wärmer than the reference surface. 
For this reason, any observations will include 
an error whose magnitude can be estimated 
only from past experience.   To eliminate this 
error, it is necessary to allow the elements that 
are to be tested to stand until their tempera- 
ture is uniform throughout.  The time required 
for this depends on the size and type of block, 
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OüNGÄVE 
REFERENCE PIECE 

"% CONCAVE 
REFERENCE PIECE 

(a) High 
When reference piece is applied, rings move 
toward thick air layer and, therefore, away 
from- center. 

(b) Low 
When reference piece is applied, rings move 
toward thick air layer and, therefore, toward 
center. 

(c) High 
When reference piece is applied,,,rings move 
toward thick äir layer and, therefore/ toward 
center. 

(d) Low 
When reference piece is applied, rings move 
toward thick air layer and, therefore, away 
from center. 

Figure 2206.-^-I)iagrarh Showing High and Low Conditions of Convex and Concave 
Surfaces, with Arrows Indicating Direction of Ring Movement 

as Reference Piece is. Applied. 

its temperature, and the desired accuracy of 
the finished surface. For very accurate work, 
larger blocks must be allowed to stand for sev- 
eral hours, or even over night, to insure that 
their temperature is sufficiently uniform. The 
angle of observation, A in Figure 2201, must 
be kept as small as is practicable to obtain cor- 
rect readings. The curvature of the bands or 
the numberof rings is decreased by an increase 
in the angle of observation, and this effect is 
increased still more as the difference in curva- 
ture between the surface being tested and the 
reference piece increases. 

The thickness of a test glass is usually 
greater than that of the element being tested, 
because it is important that it does not spring 
when it is beiiig used. It is common, therefore, 
for the reference piece to be heavier than the 
element being tested.    For this reason, the 

surface of a small thin piece may be distorted 
by the weight of the reference piece itself. To 
reduce this source of error, it is important that 
such a thin piece be seated firmly in order to 
obtain a correct indication, before applying the 
reference piece. 

Size of Reference Pieces 

Diameter.—=If a uniformly-curved surface 
on an element that is 6 inches in diameter 
departs from the desired curve, or .flatness, by 
9 rings or bands, these 9 rings, or bands will 
also be observed when the element is tested with 
ä reference piece that is 6 inches in diameter. 
If it is tested with a piece that is 3 inches in 
diameter, 4 rings or bands will be seen and, 
if the reference piece is 2 inches in diameter, 
only 1 ring or baiid will be visible. In other 
words, oil a regular surface, the departure from 
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plaiieness when measured in the number of 
rings or bands, varies inversely as the square 
of the diameter of the test plate. 

Optical Flats.—Flats should be made with 
a diameter equal to, or larger than, the diam- 
eter of the surface to be tested. When used to 
test a number of small pieces being processed 
at one time on a block, a flat large enough to 
cover several, or even all of them at once, will 
give indications of greater accuracy, 

In general, flats of- from 4 to 6 inches in 
diameter give satisfactory results and, at the 
same time* are not too bulky and heavy to 
handle. 

Test Glasses.r-^-The size of a test glass is 
limited by its radius of curvature. However, 
as iix the case of optical flats, it is advisable 
that its diameter be equal to or greater than 
that of the lens to be tested. 

Thickness.—The thickness of the thinnest 
portion of a reference piece shoiald be no less 
than % of its diameter for the large pieces and 
no less than % of its diameter for the smaller 
sizes, but since the thickness is needed only 
to prevent springing, its tolerance is hot iih- 
portant. 

TESTING THE SURFACES OF 
OPTICAL ELEMENTS 

Optical Flats 

It is customary to make flat surfaces so 
accurate that only ä few bands are available 
for interpretation. In general, the flatness of a 
surface is measured by the straightness of the 
bands (see Figure 2204). There is one excep- 
tion to this rule. When a surface is cylindrical 
and the line of contact between the optical flat 
and the surface is parallel to the axis of the 
cylinder,, the bands^ will be straight. However, 
the fact that the surface is cylindrical can be 
recognized in two ways; first, the bands, though 
straight, will hot be equally spaced, nor will 
they be of uniform width; and, second, if the 
optical flat is tilted so that the line of contact 
is not parallel to the axis of the cylinder, the 
bands will be curved äs, shown' in Figure 2207. 
In making a careful test for flatness, therefore, 
the optical flat should be placed on the surface 
in at least two positions, such that the bands 
that are observed from one position will be 

perpendicular to those observed from the other. 
When the bands that are observed from both of 
these positions are straight, of uniform width, 
and equally spaced, the surface that is being 
tested may be considered to be flat. 

Test Glasses 

Spherical surfaces, in general, show a num- 
ber of rings when finished. The number of 
rings seen indicates the difference in curvature 
between the surface being tested and the refer- 
ence surface. A surface is spherical over its 
entire area when the rings are all round. The 
departure of certain areas or zones from a true 
spherical surface is indicated by rings which 
are not round. It is possible under one special 
condition that nicely^-round rings may appear, 
although the surface being tested is not truly 
spherical. This is the case where ä raised or 
depressed area is exactly centered. The condi^ 
tion here is recognized by applying the test 
glass so that the ring pattern is hot centered. 
The symmetry of the curved bands is disturbed 
over the area in question. It is important, 
therefore* when testing spherical surfaces, that 
the test glass be applied in more than one 
position. 

TESTING THE ACCURACY OF 
REFERENCE SURFACES 

Optical Flats 

Three-plate Methöd.-r-The principle that is 
usually used to determine the accuracy of an 
optical flat when no flat of known accuracy 
is available for comparison, is to observe the 
relative accuracy of three flat surfaces by com- 
paring each with the other two. This method 
assumes that the surfaces are regulär and 
slightly spTiericäi, rather than irregulär of 
slightly cylindrical. By observing the band's 
that are produced when the surfaces are com- 
pared in this way, the accuracy of each may be 
determined accurately. It each of the three 
combinations show straight bands, then all 
three surfaces are flat. However, if they are 
not* the flatness of each surface can be deter- 
mined algebraically from the number of bjiftds, 
positive Or negative, that each combination de- 
parts from coincidence. 
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Figure 2207.—Diagram Showing Eelation Between Bands and the Separation 

Between an Optical Flat and a Cylindrical Surface. 

For an example* let us assume three sur- 
faces, A, B, and -G', vath surfaces Ä and B 
showing 3 bands positive, B and C showing 
2 bands negative, arid A and C showing 1 band; 
positive. 
•»71 : a.1 l.i.'»_.Ui_.   ^„. .4.U«. i/un«    A-P 

algebraic equations: 
A i- B = + 3 

B + C = - .2 
4 + -C7 == + 1 

Then, by solving these three equations simul- 
taneously, we find that: 

A = -f 3 
B =       0 
C = - 2 

which is to say: 
4 is 3 bands positive, or convex, 
B is plane, and 
C is 2 bands negative, or concave. 

Test Glasses     . 

Measuring the Radius of Curvature. — In 
testing spherical surfaces, both the radius of 
curvature and the surface accuracy must be 
checked. While the radius of curvature can be 
measured either mechanically or optically, for 
high precision it is always measured optically. 

Mechanical Methods. Ca) Using a Ring 
Spherometer.—This is a device used to meas-r 
ure the segmental altitude of a spherical sur- 
face that is either convex or concave. Knowing 
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the segmental altitude, the radius of curvature 
can be computed from the formula: [see for- 
mula (6) in Chapter 7] : 

r2_-f- ft2 (15) R = 
2h 

where (see Figure 2208) 
B = the radius of curvature 
r == the radius of the ring of the spherometer 
h = the segmental altitude as determined by 

the snherometer 

NÖTE: CURVED UNE REPRESENTS 
EITHER CONVEX OR CONCAVE 
SURFACE, 

Figure 2208.^Diagräm Showing Method of 
Determining tHe Altitude of a Segment 

when Using a fting Spherometer. 

In the ring spherometer, the ring is used to 
locate the plane from which the segmental alti- 
tude is measured. In some spherometers, how- 
ever, three equidistant points are substituted 
for the ring. In either case, a dial gage or ä 
micrometer screw can be used to measure the 
segmental altitude, the zero reading being ob- 
tained by setting the instrument on an optical 
flat. 

._ —£K.Y. TJcing n. SlhglerfiQntaet Slide ~SpheKom= 
eter.-v-Ih the base of this instrument (see Fig- 
ure 2209) is a sliding stage whose position is 
controlled by a micrometer screw. A lens car- 
riage, mounted, on a cross slide and resting on 
the sliding stage is moved' perpendicularly to 
the sliding stage by a second screw, which, 
however, need not be graduated. This is be- 
cause it is used merely to supplement the sliding 
stage in bringing the center, or axis, of the 
lens face into line with the vertical axis of the 
contact member of the instrument.   The center 

contact member is used to measure the seg- 
mental altitude, and is equipped with a scale 
so that its position can be read by a microscope. 
In addition, its contact surface must be truly 
spherical and of known radius. 

In using the instrument, the lens is mounted 
on the lens carriage and then adjusted by 
means of the two screws, until the center con- 
tact member is in its highest position while 
still in contact with the lens, if a convex sur- 
face is being measured, (;and in the lowest 
position if a concave surface is being tested). 
At this point, the micrometer screw that con- 
trols the sliding stage and the height of the 
center contact member are both read and re- 
corded. Next, the lens carriage is moved 
through any convenient distance by turning 
the micrometer screw that controls the sliding 
stage, and a new reading is obtained for the 
height of the center contact member. From 
this data, the radius of curvature of the sur- 
face being measured can be obtained from the 
following formula: 

Ä-¥+ 2 
where 

rb 
(16) 

R = the radius of curvature 
r = the distahcethe-sliding stage has been 

moved 
h = the segmental altitude as determined 

from the movement of the center 
contact member 

rh = the radius of the spherical contact 
surface of the center contact member 

Note: The positive sign is used when convex 
surfaces are being measured, and the nega- 
tive sign when concave surfaces are being 
measured., 
Optical Methods.—Various optical methods 

for checking the radius of curvature on lenses, 
have been devised. One method suitable for 
either concave or convex lenses,* employs ä 
'lens bench' (or 'optical bench' as it is also 
called),, the use of which is described in Chap- 
ter 24. Three other methods, each having a. 
limited application, are described below. 

•> * " 
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*Johhsori, B. K.   Practical Optics for the Laboratory 
and Work Shop. pp; 32^-33. London: Benn Bros;, 1922. 
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MICROSCOPE 

> 
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» 

MICROMETER 
SCREW 

CONTACT  MEMBER 
(PROVIOED WITH SCALE) 

CONVEX LENS 

LENS CARRIAGE SCREW 
LENS CARRIAGE 
«<_ ft A «C   CAMTAIM IM Ä 

SLID5N6 STAGE 

Figure 2209.^-Diagram of Single-contact Slide Spherometer, 

(a) Microscopic Method for Concave Ele- 
ments.—An object placed at the center of cur- 
vature of ä concave surface will form an image 
by reflected light at the same place, If a.micf p- 
scope is placed so that its axis coincides with 
the axis of a concave surface, and one side of 
the cross wire is properly illuminated* ah rav- 
age of the cross wires will be formed in the 
focal plane of the microscope objective. If this 
image is placed at the center of curvature of 
the concave surface* it will be reflected back 
and form an, image in the same position. This 
image will he seen on the cross wires, Next, 
the microscope is moved along its axis so that 
the face of the concave surface is in focus, i.e., 
so that the image of the surface is formed oh 
the focal, plane of the objective. The amount 
of this movement is equal to the radius of 
curvature. 

(b) Fpucault Method for Concave Elements. 
=^=A cpneave spherical surface can be testet! 
very accurately by this method; By placing a 
small illuminated pinhole (0.002 to 0.010 inch 
in diameter) near the center of curvature, the 
diverging cone of rays will be reflected back to 
the source, forming ah image of the pinhole. 
If a knife edge is placed so that it cuts across 
the image of this pinhole* and the eye^placed 
near it—is focused on the concave surface,, the 
surface will darken uniformly if it is truly 
spherical. Small irregularities will appear as 
shadows or particles of light;   Surface devia- 

tions of less than i/s ring (0.000002 inch) can 
be detected in this manner. This test becomes 
more sensitive as the length of the radius of 
curvature of the surface to be tested increases. 
A condition is reached, however, where the il- 
lumination becomes the limiting factor. 

(c) Interference Method for Flat or Convex 
Elements.—The radius of curvature of a con- 
vex surface can be determined by comparing 
it with a concave surface of the same desired 
radius by observing the interference rings. If 
the rings remain regular and circular when the 
two surfaces are displaced, i.e., when one sur- 
face is moved oh the other laterally, not radi- 
ally, each of the two surfaces have the same 
radius. 

Gollimated light should be used when a high 
degree Of accuracy is desired, because accurate 
observations cannot be obtained when large 
surfaces that are in. contact are viewed at an 
.angle, or even when they are viewed perpendic- 
ularly from a short distarice. A simple optical 
system that is effective for viewing flats is 
shown in Figure 2210(a). The plano-convex 
lens is used to insure that the light rays, ap> 
proach and leave the surface under observation 
perpendicularly. 

When a spherical surface is to be tested, 
any danger of scratching the surface by bring- 
ing it into optical contact with the test glass 
may be avoided by placing three separators 
between the two surfaces.    These separators 
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MONOCHROMATIC LUsHT SOURCE 
DIFFUSING PLATE-"^—!_^S. 

r4IN". PLATTE GLASS 

LENS 

OPTICAL FLAT*. 
FLAT ELEMENT 
BEING TESTED 

BLACK  BACKGROUND 

TEST GLASS, 
SEPARATORS' 

LENS BEING TESTED' 

(a* 
Plane Surface 

(b) 
Spherical Surface 

Figure 22i&—Diagram Illustrating Interference Method of Checking Surfaces. 

must be of uniform thickness (tin foil is very 
suitable), and should be spaced eqiially around 
the edges, see Figure 2210 (b). The upper sur- 
face of the test glass is ground and polished 
with the proper radius of curvature so that it 
will collimate the light passing through it and 
insure that the rays that approach and leave 
the surfaces being observed will be normal to 
them. This makes it unnecessary to use the 
piäno-convex lexis shown in Figure 2210(a). 

MANUFACTURING REFERENCE PIECES 

The manufacture of precision optical flats 
and test glasses is generally delegated to crafts^ 
men of long experience. These men develop in- 
dividual techniques and methods for correcting 
various erförs"and for meeting the many con- 
ditions that arise during the polishing Of this 
class of precision elements. The work is of 
such a high degree öf precision that many ex- 
ternal conditions must be considered which do 
not have an appreciable effect on elements that 
are to be used in ordinary optical instruments. 
Some of these conditions are the temperature 
and humidity of the atmosphere in the Work 
room, the temperature of the hands of the 
operator, the heat of friction that is developed 

between the work and the tool* the pressure 
that is exerted by the element on the tool, and 
the relative speed between them> as well as the 
variations in the glass itself* and the changing 
condition öf the polishing tool. With so many 
variables to consider, it would be impracticable 
to specify the exact techniques to use under all 
circumstances. Furthermore, experience has 
shown that no two craftsmen would be able to 
use them with equal effectiveness. It is neces- 
sary, therefore, for each workman to accumu= 
late sufficient practice so thai he can determine 
both the cause of a defect and the best method 
to use for correcting it. 

The procedure for fine grinding optical flats 
and test glasses is the same as for ordinary,, 
flat work and lenses, see Chapters ll and 12. 
However j it may vary somewhat when the pol- 
ishing is done manually. This discussion is 
confined to processing reference pieces singly, 
i.e., polishing optical flats on a pedestal (Fig- 
ure 2211), and polishing test glasses on a 
spindle. Some craftsmen prefer to process ref- 
erence pieces entirely by machine. When this 
is done it is usually necessary to vary the ordi- 
nary procedure of blocking by holding them in 

3 

"4s>' 
) 

-_2i &i*?.tfK3iycz: =,*>>- $.*-''. 



-f> 2215 

C 

O 

r 

a metal chuck, or with, wax pellets on a metal 
plate, as described for windows in Chapter 16. 
In any event, they must be blocked in such a 
way that any possibility of 'springing' or be- 
coming unstable will be reduced to a minimum. 
Although hand processing is usually necessary 
to obtain the desired accuracy f ali but the final 
work may be done by machine, in order to re- 
duce the amount of manual labor. The prin- 
ciples of machine polishing flatwork (Chapter 
li) and lenses (Chapter 12) apply to reference 
pieces and, therefore, only hand polishing is 
discussed in detail in this section. It is well 
recognized that the making of reference sur- 
faces should not be hurried, as haste is very 
likely to affect the accuracy and quality of the 
finished work. 

OFPICSL -F&AI BLANK 

POLISHIKG TOOü 

»PEDESTAL 

Figure 2211.—Equipment for Polishing, Optical Flats. 

After a short period of polishing (approxr 
imately 1'5 minutes), the condition of the sur? 
face is determined by one of the methods men- 
tioned above. As polishing progresses, the 
closer the approach to the final accuracy of 
surface, the more frequently the test is made. 
Very little pressure is needed to obtain the 
final accuracy. 

Opfical Flats 

The Pedestal.—The pedestal shown in Fig-" 
ure 2211 consists of a rigid upright post on 
which a polishing tool can be mounted securely. 
The circular table shown below the surface of 
the tool is used for holding the necessary pol- 
ishing materials. 

Normal Polishing Stroke.—At the stage of 
polishing when all gray has. disappeared, it is 
desirable to have a regular surface which is 
slightly convex, since this permits the use of 
normal correction procedure. Such ä surface 
is obtained by using a normal polishing stroke. 

A normal polishing stroke is to move the 
fiat across the center of the tooh The length 
of a normal stroke is about one third of the 
diameter of the flat, and should carry the flat 
equal distances beyond the far and near edge 
of the tool. After three or four strokes, the 
craftsman rotates the flat about 15° in one 
direction, and then moves about 15° around 
the pedestal in the opposite direction from that 
in which the flat is rotated. This rotation of 
the flat allows & more uniform wearing of the 
surface, whereas the movement of the crafts- 
man about the pedestal aids in keeping the ,tool 
in shape. The rotation of the flat and the 
movement of the craftsman about the pedestal 
are necessary when correcting various types of 
surfaces. 

Polishing Tools.—To polish a flat 6 inches 
or greater in diameter, ä tool slightly greater 
than the flat to be polished is prepared, having 
channels or grooves, about V6-mcn deep and 
1 inch apart, which divide the surface into 
1-inch squares. For a flat less than 6 inches 
in diameter, a tool in which ä net «is embedded 
is usecU The .net- knitted, framJineA jand cot-_ 
tön, and with a %-inch mesh, is spread tightly 
over the surface of the tool, and a warm cast- 
iron piano-tool is used to iron the net into the 
tool surface. No channels or grooves are nec- 
essary when a net is used. 

Satisfactory results have been obtained with 
a tool composed of coal tar (roofing pitch) and 
rosin. When the temperature of the polishing 
room is about 73 °F., a mixture of three parts 
of coal tar and one part of rosin has given 
good results.   Lower temperatures may make 
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it necessary to increase the ratio to four to one, 
or even greater. The fool can be hardened by 
adding more rosiii to the mixture. To reduce 
the possibility of any foreign material being 
included in the the tool, the coal tar and rosin 
are boiled together and strained through three 
or four thicknesses of cheesecloth. 

Temperature Equilibrium, -r- It should be 
noted that the expansion of the reference piece, 
from the heat of the hands, affects the accuracy 
of the surface. Therefore, after a polishing 
operation it is necessary thai -ehe,, optical- flat be 
allowed to cool to room temperature before 
checking the surface. The pattern made at 
room temperature shows the actual condition 
of the surface when the flat has a uniform 
temperature. 

Polishing Methods for Correcting Flat Sur- 
faces. Convex Surfaces. — If the surface is 
tested and found convex, the optical flat is: held 
with hands or fingers placed at or near its 
outer edge, and with its surface oh the A Wish- 
ing „tool. The heat from the hand causes the 
glass to expand slightly, and in such a way äs 
to make the convexity more pronounced. As a 
result when the glass is rubbed on the tool, the 
central portion receives the greater wear. To 
correct a convex surface, the stroke is length- 
ened so that the outer portion of the surface, 
which needs no wear,, will be beyond the edge 
of the tool during a part of each stroke, whüe 
the convex portion will be in contact with the 
tool continuously. 

Concave Surf aces.-^r-To correct a concave 
surface, the finger tips are placed over the 
center of the piece,, since then the heat from 
the hand increases the concavity of the surface. 
The effect of this is that the outer portion of 
the surface receives the greater wear during 
polishing. In addition, the length of the stroke 
is reduced to allow the outer portion of the 
surface that is being corrected to receive wear 
during a larger part of the stroke. Another 
way to correct a concave surface is to remove 
the pitch from the central portion of the pol- 
ishing tool so as to reduce the polishing action 
on the center pf the surface. When this is 
done, it is customary to use another polishing 
tool so that the original may be kept for final 
correction.   A concave surface should be over- 

corrected, i.e., until it is 2 or 3 bands convex. 
It is then treated as a convex surface and cor- 
rected to flatness. 

Small Concave Areas.-^-The procedure for 
correcting a depressed area is similar to that 
used for correcting a concave surface. The 
center of the polishing tool is relieved and the 
flat is moved so that the depressed area passes 
over this portion of the .tool; The flat is held 
by the fingers above the depressed area so that 
the heat from the fingers will raise the area 
slightly, and thus insure that greater wear 
takes place on the portion of the surface that 
surrounds the area that it is desired to correct. 

Small Convex Areas.-^-A surface haying a 
hump, i.e., a small convex area, is corrected by 
moving the convex area over the outer portion 
of the tool, and working the flat backward and 
forward with straight, even strokes. In this 
way the humped area is being worn constantly, 
while the portion that extends beyond the tool 
is not. When the tump has been removed, it 
is probable that the entire surface will need 
further correction by passing it over the cen- 
ter of the tool. 

Irregular Surfaces.—An irregular surface 
should1 be polished until it is 1 or 2 bands con- 
vex over its entire area. When this has been 
done^ the procedure for correcting a convex 
surface is followed. 

Turned Edges.^-Should the pattern show 
that the surface has ä bevel, i.e., a turned edge, 
the tool should be trimmed to the same diam- 
eter äs the flat, keeping the side wäll vertical, 
and taking care that it makes a sharp 90° 
angle with the level polishing surface. Follow- 
ing is a stroke that can be used for correcting 
ä turned edge: Starting with the flat placed 
on the tool, and its. far edge coinciding with the 
far edge uf' tile tüöl,~ the 'flat is THöVöu ^across 
the center of the lap toward the operator until 
the near edge extends the distance of the 
turned edge or bevel beyond the near edge of 
the lap. Consequently, the length of the stroke 
is always approximately equal to the width of 
the turned edge. 

Test Glasses 

No complicated machinery is needed to make 
test glasses.   They can be made oil a regular 
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polishing machine, a horizontal spindle, such 
as a modified bench lathe, ä vertical spindle, 
or a pedestal. Some craftsmen, when making 
a test glass of long radius and comparatively 
small diameter, e^., a 1004neh radius and p/%- 
faeh diameter, prefer to do the initial process- 
ing on ä machine with mechanical oscillation, 
and then make the final correction by hand. 
When polishing by machine, the rules for plac- 
ing either the leiis or the polishing tool on top 
are the same as discussed in Chapter 12. When 
polishing by hand, however, it is customary to 
mount the tool oh the spindle. 

Spindle speeds used for making test glasses 
vary from a slow speed between 125 and 150 
rpm„ to a high speed of from 175 to 225 rpiii, 
with an average speed of about 160 rpm. Al- 
though it is not necessary to vary the speed, it 
is usual to Use a high speed to give the surface 
a slight polish ör 'shiiie', while a slow speed is 
used when the surface is approaching the de- 
sired curvature. 

The pitch used to make the polishing topi 
need be no different from that used for ordi- 
nary polishing, see Chapter 12, the hardness 
depending on the working habit of the crafts- 
man and upon the area of the surface being 
polished. If considerable pressure is applied 
by hand, during the polishing, a hard pitch 
gives better results, while a softer pitch may 
be used with less "pressure. 

The first surface of the test glass to be pol- 
ished is the flat surface, and the work may be 
done with a felt polishing tool. While test 
glasses having diameters ranging from approx- 
imately % inch tö 2Vk inches are usually held 
directly by the fingers* smaller ones are han- 
dled more readily when they are attached to a 
wooden ^handle with pitch or sealing wax. The 
nature of machine polishing action distributes" 
the heat evenly throughout the glass, and thus 
reduces the possibility pf any lack of a uniform 
-temperature of the test glass affecting the polr 
ishing action. 

Grooves in the tööl are not necessary* but 
it is often desirable to have a small hole cut in 
the pitch at the center. If grooves are pre- 
ferred, they are cut so shallow and narrow 
that they could be considered scratches. These 
narrow grooves are ihade in the pitch surface 

to prevent too great a flow of pitch during the 
polishing action. 

When no master is available, and the prog- 
ress of the polishing must be observed on a 
lens bench, it is necessary to make a pair of 
test glasses, consisting of one convex and one 
concave glass, both of which should be ground 
as close to the required radius äs possible. 
Next, the concave element is given a 'shine', 
and tested on the lens bench. If necessary, the 
tools are corrected, and the surface re-ground 
and polished. This procedure is continued 
until the surface is of the desired radius of 
oirvaturei Then the concave element is used 
äs a reference surface in making the edirvex 
element. When the convex element has been 
polished to the correct radius of curvature, 
the concave and convex surfaces are compared 
with each other for regularity of surface and, 
if necessary, are corrected by further polishing. 

Polishing Methods for Correcting Spherical 
Surfaces. HighConvex Surfaces.—The greater 
portion of a high convex surface, see Figure 
2206 (a), can foe removed by oscillating the 
highest portion of it around and on the outer 
portion of the tool, or by relieving the outer 
portion of the tool. When the surface is fairly 
close to the desired radius of curvature, the 
correction can be completed by increasing the 
length of the stroke. In each case, the high 
portion is being worn throughout the stroke, 
while the portion needing lesser correction is: 

removed from contact with the tool surface at 
times, or is under less pressure. 

High Concave Surfaces.—To correct ä high 
concave surface, see Figure 2206(c), greater 
wearing of the outer portion of the surface is 
necessary. Therefore, the stroke is shortened 
and the center of the surface is= passed across, 
the center of the tool. If necessary, the central 
portion of the polishing tool is relieved so as 
further to lessen the polishing action there. 

Low Convex Surfaces. -^- Low convex sur- 
faces, see Figure 2206(b), are corrected in the 
same manner as high concave surfaces. 

Low Concave S«r/aces.—Low concave sur- 
faces, see Figure 2206(d),, are corrected in the 
same manner as high convex surfaces. 
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Raised Areas.—If the surface should have 
a raised area or hump at its center, It is neces- 
sary for that portion to receive the greatest 
wear during correction. This can be accom- 
plished by trimming the tool until it is slightly 
larger in diameter than the test glass, by re- 
lieving the tool near the edge, and by allowing 
the hole at the center of the tool to fill in until 
the hump is x*emoved. Satisfactory results have 
also been obtained by using longer and faster 
strokes. In the final stage only three or four 
strokes should be made between tests. 

Depressed Areas.—If the surface is regulär 
except for a depressed area or hole, it may be 
corrected with a normal or medium stroke. 
Such a stroke should cause ä uniform wearing 
of the surrounding surface, and should be con- 
tinued until the depth öf the depressed area 
has been reached. If necessary, the hole at 
the center of the tool is enlarged and the tool is 
relieved midway between the center and edge. 

Turned Edges.—A turned or beveled sur- 
face can be corrected after polishing the sur- 
face about 3 or 4 rings low on convex elements, 
of about 3 or 4 rings high on concave elements 

t. 
(see Figure 2206). This can be done by trim- 
ming the polishing tool until it is onlv slightly 
larger in diameter than the test glass. In ad- 
dition, the tool may be relieved in order that 
the pitch will flow uniformly. If a convex ele-r 
nient is being corrected, the procedure then is 
the same äs that used for correcting a low con- 
vex surface, but it should be kept low until the 
bevel has been completely" removed. If a con- 
cave element is being corrected, the procedure 
is the same as that used for correcting a high 
concave surface, but it should be kept high 
until the bevel has been completely removed. 
It should be remembered that any attempt to 
obtain the desired curvature too rapidly will 
cause the bevel to return. After polishing the 
surface, the most wear must be on the outer 
portion. If the surface has been polished suffi- 
ciently (low in the case of convex elements, or 
high in the case of concave elements), the wear 
heeded on the outer portion should remove the 
bevel. 

Irregular Surfaces.-^-Aa. irregular surface 
may be corrected by using a normal stroke and 
relieving of the tool so that the pitch will flow 
uniformly, and thus keep the proper curvature 
on ühe tool surface. 
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It is necessary to clean an optical element 

during almost every operation in its manufac- 
ture. The materials to be removed depend 
upon the element itself, the stage that has been 
reached in its manufacture, and the particular 
conditions in the shop, in which it is being 
processed. These materials are usually solids 
or plastics and may be classified as adhesives, 
protective coatings, and miscellaneous mate- 
rials such as fingerprints, dust, lint, stains, 
dirt, plaster, and rouge. 

Common methods of cleaning optical ele- 
ments are discussed in this chapter. However, 
because of the particular relation of proper 
cleaning to the adhesion of evaporated coat- 
ings, certain special techniques which are used 
before the application of these coatings are disr 
cussed in Chapter 19, Evaporated Film Coat- 
ings. Cementing Lenses, Chapter 20, also 
contains special information on the decement- 
ing of cemented optical elements, a necessary 
preliminary step that results in the removal of 
some material from such elements before final 
cleaning can be accomplished. 

In Figure 2301 a tabular arrangement is 
used to indicate the type of method, treatment, 
and agent which may be suitable for the clean- 
ing of specific materials from rough or polished 
surfaces. While this table is not sufficiently 
detailed to supplant the text,, it should prove 
valuable as a reference and guide in interpret- 
ing the more detailed information supplied in 
the text. 

Regardless of what cleaning methods are 
used, care must be taken not to damage the 
optical elements. Polished surfaces will scratch 
easily when rubbed, if dirt or dust is present. 
CojQiers of elements chip very easily when 
dropped, or when knocked against one another. 

MECHANICAL METHODS 

While severe mechanical action is ordinar- 
ily too rough, mild mechanical action can very 
often be employed to supplement other methods 
of cleaning. Rouge cah be removed from 
ground surfaces or bevels, by rubbing with 
pumice stone or other abrasives, but this meth- 
od is not recommended for polished surfaces 
because of the possibility of injuring them. 

;  17 
Polished surfaces can be rubbed with very 

finely-ground materials, most Of which, are 
softer than the glass, and usually are mois- 
tened with water. Some such materials are 
magnesium carbonate, magnesium oxide, cal- 
cium carbonate,, silica, and titanium dioxide. 
Another of these materials, which is effective 
when rubbed on fiat surfaces which are to be 
contacted, is a very finely-divided silica* known 
as 'Super Floss'. Before use, Super Floss is 
moistened with chemically-pure ether. 

Oily material which may be clinging to a 
surface may be removed by rubbing with spe- 
cially-prepared charcoal which absorbs it. 

A convenient method for removing deposits 
from ground surfaces is to rub them off with 
a rotating soft abrasive wheels made simply by 
mounting a found typewriter eraser on the 
spindle of a motor, see Figure 1726. As the 
eraser will scratch polished surfaces, it should 
be used with great care. 

COMBINATION OF MECHANICAL 
WITH OTHER METHODS 

A special first-side reticle wax made of equal 
parts of beeswax and resin can be scrubbed 
away by using a soft brush with a soap solu- 
tion warmed to about 175 °F. If the tempera- 
ture is raised to 195°F., a normal first-side 
reticle wax made up of 16 parts of beeswax 
and 1 part of carnauba wax can be removed. 
This method is considerably easier than scrap- 
ing with a knife or similar tool. 

During the polishing operation, alcohol is 
Commonly employed for wiping off blocked ele- 
ments for inspection. 

Light 'water' and other stains, (but not 
polishing or heavy stains) and, in some cases, 
low-reuectivn films ean ifce removed from a pok 
ished surface by rubbing it lightly with a small 
pad of clean absorbent cotton moistened with 
a mixture of röüge and diluted acetic acid. 
The rouge should be slow cutting, very fine, 
free from grit, with a ,pH-value (ä measure of 
alkalinity vs. acidity) of about 4, and similar 
to black micfonized ferric oxide manufactured 
by the Porcelain Enamel Company,, Baltimore* 
Md. The diluted acetic acid has ä detergent ef- 
fect and tends to prevent staining* as described 
in the section on rouges in Chapter 25. 

l 
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TABLE OF OPTICAL GLASS CLEANING PROCESSES 

1. 

§ 

METHOD SURFACE 

Mechanical Ground bevels 
or edges 

Polished 

surfaces,to 
be optically 
contacted 

TREATMENT 

Abrasive action 

Rubbingaction 

Polished 

Combination 
of mechan- 
ical with 
other 
methods 

Ground bevels 
or edges of 
reticles after 
reblbcking 

Ground-bevels 
or edges of 
reticles after 
reblocking 

Polished 

Thermal 

Detergent 
a. Neutral 

Scraping action 

AGENT 

Pumice stone 

Rotating abrasive 
typewriter eraser 

Moistened, finely-rground 
materials, e.g.: 
Cälciumcarbonate 
Silica 
Titanium dioxide 
Magnesium carbonate 
Magnesium oxide 

Eloss-moistened 
with.chemicalljfepure 
ether 

MATERIALS TO 
BE REMOVED 

Rouge and other 
polishing materials 

Adsorbed substances 
(e.g., gases and oily 
materials), before 
applying cements, 
dow-reflection films, 
or metallic films 

Specially-prepared 
charcoal 

Knife-edge 

Rubbingand 
detergent action 

Soft brush and warm 
soap solution (175°F.) 

Soft brush and wärm 
soapsolution (195°F.) 

Rougeänd'diluted acetic 
acid on moistened pad 
of absorbent cotton 

Ground-or 
polished 

Polished 

Heat to accelerate: 
Solvent action 
{in degreäser), 
or Detergent 
action 

Chill (—10 to 
—30°F.) 

Washing with 
solution at room 
temperature or 
slightly warmer 

Oily materials 

First-side reticle wax 

Special first-side reticle 
wax made of equal 
parts of beeswax and 
rosin. 

First-side reticle wax 
made of 16 parts of 
beeswax and 1 part of 
Carnaubawax 

Alcohol 

Rouge paste containing 
acetic acid 

Trichlorethylene 

Detergent solution 

MecHähi'cäl refrigeration 
Dry ice 

2 to 3 per cent solution 
of Aerosol OT and 
Orvus paste 

Light water and other 
stains, some low reflec- 
tion films, but hot pol- 
ishing or heavy stains 

Water and traces of 
polishing material 

Light water and other 
steins, some low 
reflection films 

Waxes 

Dirt, grease, dust, and 
other extraneous 
matter 

Brittie^waxes- 
(sealing-wax types) 

15cc of concentrated 
ammonium hydroxide 
and 5 to 15 grams of 
neutral liquid soap (or 
detergent) to 1 gallon 
6'f distilled water 

Dirt, grease, dust, and 
other extraneous 
matter 

Figure 2301. 

w :• _*c •'•JV>:;."^&• 'y^c 
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TABLE OF OPTICAL GLASS CLEANING PROCESSES (continued) 

4. 
(contd) 

METHOD 

Detergent 
(contd) 

b; Alkaline 

SURFACE 

Ground or 
polished 

5; Solvent 
ä. Organic 

TREATMENT AGENT 

Ground or 
polished: 

Wash-in agent at 
200-210° P. 

(The following 
steps are necesr 
sarytoremove the 
alkaline solution 
and cool the .ele- 
ments gradually 
enough to prevent 
breakage.) 
(1) Dip in 
running water 
atl4Ö-150°F. 

(2) Washin 
water at 
100-110° F. 
(3) Washin 
running water at 
room tempera- 
ture (optional). 

(4) Dip in alcohol. 
(5) Dry with soft 

... cloth\ 

Solution of 1% of 
sodium hydroxide and 
% % of sodium citrate 

MATERIALS TO 
BE REMOVED 

Solution of 1*6% of 
sodium sesquisilicäte 

Gold soaking 

Nate: The main benefit 
of the above alkaline 
solutions is in removing 
shellac and softening 
rouge deposits.   A de- 
greaser is ordinarily 
used for the removal 
of fatty, greasy, and 
resinous materials. 

Shellac, fatty, greasy, 
resinous, and otter 
materials—also*softens 
heavy deposits of rouge 
(Poor performance on 
paraffin and asphaltic 
materials) 

T3I 

Aliphatic hydrocarbons, 
such as gasoline, 
naptha 

Chlorinated hydrocar- 
bons, .such as carbon 
tetrachloride, trichlor- 
ethylevie (toxic-^-not. 
recommended for cold 
soaking) 

Alkadhesive waxes 
except sealing wax, 
and protective coatings 
based on asphaltic mar 
terials, rosiii, roofing 
pitch, stickum, asphalt, 
amorphous petroleum 
waxes 

C*;) 

Coal tar hydrocarbons 
such as'benzol, toluol, 
xylöl (toxic-^carefully 

, control use)'           
Several aromatic or 
naphthenic hydrocar- 
bon fractions with a 
high boiling point, have 
been used instead of 
benzol, toluol, or xylöl. 
(These solvents, having 
Käuributanol numbers 
of dyer 70, are more 
effective than aliphatic 
hydrccarbcns.of.gasQ-: 
line or naptha type, but 
not as efficient as hot 
trichlorethylene)  

Alcohol 

Acetone or ethyl acetate 
(inflammable—use 
with adequate ventila- 
tion,and fire protection) 

Shellac-base sealing 
wax, shellac and 

. beeswax   „, 
Protective lacquer coat- 
ings based on cellulose 
esters, vinyl materials, 
etc. 

Figure 2301.—(continued) 

3-- i 
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TABLE OF OPTICAL GLASS CLEANING PROCESSES (continued) 

METHOD SURFACE TREATMENT AGENT MATERIALS TO 
BE REMOVED 

= 5. 
(contd) 

Solvent 
a. Organic 

(contd) 
Ground or 
polished 

Hot liquid and/or 
vapor (used in 
a degreaser) 

Trichlorethylene— 
preferably inhibited 
from going acid (toxic 
but can be used safely 
by refluxing in 
degreaser with rea- 
sonable precautions) 

AH common resins, 
waxes, and coatings 
(except those contain- 
ing shellac or cellulose 
esters) removed quickly 

Polished Isopropyl alcohol Dust, lint, and moisture 
removed f romupolished 
surfaces before'apply- 
ing evaporated films 

b. Inorganic Ground bevels 
or surfaces 

Warm dip Acids, e.g., mixture of 
hydrochloric acid and 
acidic chlorides 
(danger of etching) 

Rouge 

Polished Dip Alkalis (surf ace wash 
before.applying ä 
coating such as silver, 
aluminum, or an 
inorganic salt) 

Ver;y thin silica films 

Figure • 2301.-=- (continued) 

L- 

C 

Stains and lowvreflection films are usually 
somewhat softer than the glass itself and, 
therefore, can be removed without injuring the 
surface by rubbing carefully with rouge. Gare 
should be taken that the rouge paste does not 
dry, that rubbing is uniform over the entire 
surface, regardless of the amount or extent 
of the stain, and that none runs onto and dries 
on other polished surfaces, which might thus 
become stained themselves. For example, a rec- 
tangular flat surface should be rubbed length- 
wise with parallel strokes until the entire area 
has been covered. This procedure insures that 
each part of the surface receives aii equal 
.oiviAiivit-.A'l! .utinmrin»- 

clean with alcohol or acetone, and is then dried 
and inspected. If the entire stain or film coat- 
ing has not been removed, the procedure is 
repeated; 

While careful comparative tests have shown 
that this method will not affect the contour of 
the surface,, it is doubtful, however, if it would 
be satisfactory for a surface which had to be 
accurate to 1/10 or 1/20 wave length. 

THERMAL METHODS 

Heating.-—Heat is used occasionally for the 
removal of waxes, but is more effective when 
employed to accelerate solvent or detergent 
cleaning. 

Chilling.—Chilling is used to remove brittle 
waxes of the sealing-wax type, which are al- 
most always applied in very thick layers. When 
cooled tc =10 to 4-V.^r...        . dhesives be- 
come brittle enough to lose their adhesive prop- 
erties and shrink away from the elements, 
leaving an almost perfectly-clean surface. 

DETERGENT METHODS 

Neutral. — There are many _detergents, 
which will remove dirt, grease, dust, etc.* But 
it is probably advisable to use only materials 
whose calcium, magnesium, and iron salts are 
soluble. Conventional soaps are very likely to 
leave an insoluble metallic film on the elements. 
Two of the best known detergents which work 
well in hard water are a 2 to 3 per cent solu-r 
tion of 'Aerosol OT' and 'Orvüs pasted A solu- 
tion used at Frankfbrd Arsenal for cleaning 
optics prior to inspection is made by adding 
15 cc of concentrated ammonium hydroxide 

gig<_,,---^ V. -• -*£^*^v^—jV; 
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and 5 to 15 grams of neutral liquid soap (or 
detergenty to a gallon of distilled water. 

Alkaline* Alkaline Materiah.-^While alka- 
line detergents may be used to clean shellac, 
fatty, greasy, resinous, and other materials 
from a glass surface, paraffin and asphältic 
materials that do not saponify cannot be re- 
moved as cleanly nor as rapidly as saponifiable 
materials. It should be remembered that some 
alkaline detergents will injure the surface of 
the glass. 

While the concentration of alkaline solu- 
tions and the temperatures at which they are 
used vary, more effective results are generally 
obtained by using a short application of a 
warm alkali than by using a cold, solution for 
a longer time. This is because heat tends to 
melt grease and wax, and thus to facilitate 
their säponification and emulsificatipn. One 
effective alkaline cleaning solution contains 1 
per cent of sodium hydroxide and V2 Per cent 
of sodium citrate, while another contains sim- 
ply VYi per cent of sodium sesquisilicate. 

Alkali Shellac-removal System.—A success- 
ful alkali shellac-removal system is illustrated 
diagrammatically in Figure 2302. Cleaning by 
use of this system is faster than merely soak- 
ing in alcohol. It also eliminates much of the 
rubbing with consequent reduction in damage 
from scratching, and softens heavy deposits of 
rouge, thus making it practicable to wipe such 
deposits off while the elements are drying. 

As outlined in Figure 2302, tank 1 contains 
about 1 cubic foot of alkaline solution contain- 
ing by weight 1 per cent sodium hydroxide and 
V2 per cent sodium citrate. Tanks 2 and 3 are 
merely washing tanks to remove any alkali 
that may be left on the glass surfaces. The 
i,H-value of tank 3 should be checked occasion- 
ally, and should never be allowed to exceed 7. 
After rinsing in tanks 2 and 3, the glass is wet 
in alcohol to avoid water stains which usually 
occur when water is allowed to dry on a glass 
surface. After this, the optical elements are 
dried with a soft cloth and inspected. 

The temperature of tank 2 should be main- 
tained between 140 and 150°F., and must not 
be permitted to fall below 130°F. The tem- 
perature of tank 3, while not so critical, should 
not be below room temperature.   If desired, 

the elements may be warmed before immersion 
in tank 1. 

In using this system, the elements are placed 
in racks made of wood or metal rods covered 
with 'Saran' tubing, and are then placed in 
tank 1 for not more than 60 seconds. While in 
tank 1, they are moved slowly up and down. 
After removal from tank 1, they are placed in 
tank 2 immediately, left for 1 or 2 minutes, and 
then washed in tank 3. If desired, tank 4 (which 
is äti optional addition to the system) may be 
used, in which case the temperature of tank 3 
should be held a little above that of tank 4. 

This method is quite satisfactory with boro- 
silicate crown glass with an index of refraction 
of 1.57, and has also been used successfully 
with flint glass by reducing the immeifsion tirng 
in tank 1 to 40 seconds. 

Test of Alkali Solutions.-^-The following 
method may be used for testing the etching 
effect of an alkaline solution on any type of 
glass. An optical fiat is placed in contact with 
a flat polished surface on the type of glass that 
it is desired to test, and the pattern of inter- 
ference bands thus formed is carefully observed. 
Next, half of the surface is masked carefully 
and the whole element is immersed in the solu- 
tion to be tested for at least twice as long as 
is required for the cleaning process. After im- 
mersion, the element is thoroughly washed and 
carefully dried. Then, after it has been allowed 
to come to room temperature, it is tested again 
with the optical fiat, if there is no change in 
the pattern Of the interference bands between 
the half that was exposed to the solution and 
the part that was under the mask, it can be 
assumed that the solution has not injured the 
surface. In addition, it is advisable to examine 
both ends of the element for signs of leaching, 
using a microscope and other usual optical in^ 
spection methods. 

SOLVENT METHODS 

In most optical shops, hot or cold 'Organic 
and inorganic solvents are used for cleaning. 
They work well on practically all of the adhe- 
sive waxes and most of the protective coatings, 
and are sometimes used for the removal of part 
or all of the hard sealing waxes. The solvent 
employed depends upon the nature of the mate- 

s'. 
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rial to be removed, and such, factors as solvent 
power, toxicity, cost, and availability. 

Organic Solvents 

Cold Soaking. —The optical elements are 
set in shallow pans of solvent and covered with 
glass plates. After ä number of hours of soak- 
ing they are removed, wiped off, and rinsed 
with fresh solvent. 

Solvents Used. — Aliphatic hydrocarbons 
such as gasoline and naptha,  are used for 
removal of waxes containing paraffin, rosin, 
roofing pitch, stickum, asphalt, and amorphous 
petroleum waxes.    Chlorinated hydrocarbons, 
such as carbon teträchlöride and trichlorethyl- 
ene have been used, but due to their toxicity, 
use is not recommended. Coal tar hydrocarbons 
such as benzol, toluol, and xylol are.,-also toxic, 
and as some persons are particularly allergic 
to these materials, they should be used only 
under carefully-controlled conditions.   Several 
aromatic or naphthenic hydrocarbon fractions 
somewhat higher in boiling point than benzol, 
toluol, or xylol may be used as substitutes for 
the latter    Aromatic or naphthenic hydrocar- 
bon fractions have the advantage of being less 
toxic and of having ä much higher flash point 
than either benzol, toluol, or xylol, but are not 
quite as efficient as solvents.   Satisfactory sol- 
vents having Kauri-butanol numbers of over 70 
are made up from mid-continent and west-coast 
crude oils.   These materials are more effective 
than the straight-^chain hydrocarbons of the 
gasoline or naptha type, but are not as efficient 
for de-waxing as.hot trichlorethylene, discussed 
later in this chapter*   Alcohol is usually em- 
ployed for shellac-base sealing wax, and shellac 
and beeswax.   Although acetone or ethyl ace- 
tate are inflammable, they will remove_ most 
protective lacquer coatings. 

Precautions When Using So l!Vew£s.—Because 
of the volatility and inflammability of most of 
the solvents mentioned above^ it is not ofdinar=- 
ily considered wise to heat them above room 
temperature,, arid strict safety regulations must 
be employed wherever they are used. Safety 
precautions to be observed when inflammable 
solvents are used should include the careful 
layout of process and working space, the use of 
the least inflammable and toxic solvents which 

will do the job efficiently, the safe storage of 
the minimum amount of solvents that are = 

needed at any one time, the rapid and safe dis- 
posal of used solvents, the control and removal, 
if necessary, of inflammable or toxic vapors, 
and the use of such safety equipment, precau- 
tions, and personnel training as may be ad= 
visable. 

With any solvent that is inflammable to any 
extent, especially gasoline, naphtha, acetone, 
and ethyl acetate, it is important not only to 
provide adequate ventilation, but also to have 
both installed automatic and convenientlyrlo- 
cäted hand fire ehtinguishers of the type re- 
quired for the solvent involved, as well as fire 
blankets, etc.. In the case of toxic, but non- 
inflammable solvents, there should be good ven- 
tilation of the room Where the solvents are 
used, as well as direct exhaust of the vapors 
by means of hoods over the benches and racks 
where the solvents are used or stored. 

Hot Liquid and/or Hot Vapor.—In many 
cases, optical elements may be cleaned most ef- 
ficiently by using a refluxing apparatus, known 
as a degreaser, in which the elements are ex- 
posed to heated solvents, either in liquid or 
vapor form or, in some instances, to both the 
liquid and vapor at different intervals. Various 
organic solvents have been found useful in this 
type of cleaning application, one of the most 
important being trichlorethylene. 

Two-dip Degreaser.—The two-dip degreaser 
contains a tank Which is divided into two com- 
partments by a baffle (see Figure 2303). When 
in use and filled with a suitable solvent, the 
lower tank is heated, causing the solvent to 
boil and thus form ä vapor which rises into 
the body of the degreaser above both compart- 
ments* .The upper mrt of the body of the tank 
is surrounded by a water jacket containing a 
flow of cold water. This jacket cools the vapor 
which condenses and falls into the unheated 
compartment; then, as more vapor condenses, 
the liquid solvent overflows into the heated com- 
partnient and the process thus goes through a 
continuing cycle. Since the vapor is heavier 
than air, proper regulation of heating and cool- 
ing results in a desirable vapor level within 
the degreaser and prevents escape into the 
atmosphere* 

1*f     r 
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Detroit Rex Products Company 

Figure 2303.—Cut-away View of Two-dip Degreaser. 
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It is advisable that the water jacket be 
equipped with a temperature control Valve, so 
that the temperature in the top of the main 
lank can be controlled and thus prevent escape 
of solvent vapor. For example, if trichloreth- 
ylene is the solvent in use, the temperature in 
the top of the main tank can be kept close to 
90°F. This will insure that the tfiehlorelhyl- 
ene will condense properly and, ät the same 
time, prevent the condensation of any water 
vapor. It is important that water is not intro- 
duced into the machine, either directly on the 
elements to be cleaned or in the form of con- 
densate from the air, ,a.s it will float on the top 
of the solvent, thus making efficient cleaning 
difficult, and, at the same time, will rust the 
machine itself. 

(a) Cleaning with a Degreaser.-r-The ele- 
ments that are to be cleaned should be placed 
in a rack or basket that is made of non-absorb- 
ent material, avoiding the use of cloth, wood, 
or paper. The elements should be arranged so 
that the solvent will have room to penetrate 
freely over all of the surfaces. A special rack 
developed by Minneapolis-Honeywell Regulator 
Company for holding small abbe prisms is il- 
lustrated in Figure 23J04. In this rack, the 
elements cannot touch each other and every 
portion of their surfaces is exposed to the ac- 
tion of the solvent. 

When the rack has been loaded, it is slowly 
placed in the tank of the machine and held 
in the vaporized region just above the lower 
compartments until all of the waxes, greases, 
resins, and other foreign materials appear to 
be dissolved. This usually requires about 30 
seconds. 

As the vapor condenses on the relatively cool 
surfaces of the elements, the foreign materials 
are dissolved and, together with the condensed 
vapor, fall into the condensate compartment. 
Next the rack is rinsed in the clean condensed 
liquid in the condensate compartment, and 
afterwards is held in the vapor above the heat- 
ing compartment for 10 to 15 seconds. Finally 
the rack is withdrawn from the machine slowly, 
holding it in the top of the main tank to dry, 
as care should be taken not to remove any sol- 
vent from the machine. While in operation the 
degreaser should never be placed under a hood 

or near a draft which might draw solvent 
vapor from the top of the machine. 

(b) Cleaning the Degreaser.-—Cleaning de- 
greasers which have been used to remove waxes 
is somewhat of a problem, although the initial 
procedure is quite simple. While the heating 
unit is kept on, the clean solvent is withdrawn 
from the condensate compartment until most 
of the solvent has been boiled over and drawn 
off. When the dirty, dissolved material in the 
heating compartment shows considerably in- 
creased viscosity and froths enough to obscure 
the surface of the liquid, the heating ani't is 
shut off. The remaining wax or dirt, is then 
scraped put, and the whole machine :is wiped 
out with a solvent, such as gasoline or kerosene. 
In addition, it is best to clean the machine with 
a 10 per cent solution of soda ash about once 
a month, and at any tim^ the solvent has gone 
acid. 

As it is almost impossible to avoid contact 
with trichlorethylene fumes when cleaning a 
degreaser in which this solvent has been used, 
operators should not be selected for this duty 
who seem to be .particularly sensitive to these 
fumes. There should be at least two operators 
at the machine throughout the cleaning opera- 
lion and they should wear gas masks with 
proper cartridges. If safety regulations are en- 
forced well, the chance x>f any injury is slight. 

Slush-type Degreaser. — This type of de- 
greaser (see Figure 2305) is provided with a 
pump, hose, and nozzle so that hot clean sol- 
vent may be sprayed on the elements. This 
machine is more effective where very thick 
coatings of wax are to be removed, because it 
supplies mechanical action in addition to heat 
and solvent action. This additional action helps 
to melt off shellac-base sealing waxes not ordi- 
narily removed when trichlprethytene is used 
as a solvent. While trichlorethylene used in 
this type degreaser does not usually remove 
shellac, or shellac-base sealing wax completely, 
some operators have reported favorable results. 

Trichlorethylene.—Although slightly more 
expensive, the use of trichlorethylene that has 
been inhibited from going acid, is probably 
advisable in either a two-dip or a slush-type 
degreaser. This is because of the small amount 
of solvent that is used in comparison to the 
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Minneapolis-Honeywell Regulator Company 

Figure 2304.-=-iSpecial Rack Used to Hold Small Abbe Prisms While Cleaning. 

amount of ;glass cleaned. If .tfich.lor.ethy.lene. is. 
overheated very much, or if acid gets into it, 
it may produce phosgene and hydrochloric acid 
which will cause progressive decomposition of 
the tfichlorethylene. 

Use of tfichlorethylene in a degreaser re- 
moves practically all common resins, waxes, 
and coating,« quickly, except those containing 
shellac of nitrocellulose. Tfichlorethylene is 
toxic but nön-inflammable and, if the condi- 
tions of use are properly controlled, it remains 
in the degreaser where it can do no harm. 

Xfichtorethylene. solvent must be_used at its. 
foiling point, 188°F., for otherwise it would 
be no more efficient than cold soaking in xylol, 
benzol, or toluol, since to remove solid waxes 
fapidlyi they must be melted first. (From 1 
to 2 minutes is a normal time fof tfichloreth- 
ylene de-waxing.) 

The condition of the solvent may be-checked 
by the following procedure: 50 cc of clean 
solvent are removed from the condensate com- 
partment of the two-dip degreaser and placed 

£• _ii -5y£-T*;S'3r"y T*<;t^, _'-> v"£»r 



IM 

in a 250-cc Erlenmeyer flask with 50 cc of dis- 
tilled water to which has been added 30 cc 
methyl orange solution; a stopper is placed in 
the flask and the mixture is shaken vigorously - 
for 60 seconds. If the methyl orange turns 
red, the trichlorethylene is acid. If the mdU. 
cator is still orange it is titrated by addition 
of successive amounts of 1/10 normal hydro- 
chloric acid; it is then shaken for 1 minute and 
observed. If necessary, this process is repeated 
until the indicator turns red. The tendency of 
the solvent to go acid in the degreaser may be 
estimated by comparing the amount of hydro- 
chloric acid used in this test with the amount 
used in a similar titration with unused solvent. 

Commercial trichlorethylene will usually re^ 
quire from 2 to 3 cc of 1/10 normal hydro- 
chloric acid, whereas inhibited trichlorethylene 
will require about 25 cc of 1/10 normal hydro- 
chloric acid. 

Other Solvents.—It is possible to use sol- 
vents other than chlorinated solvents in reflux- 
ing units of the degreaser type. The vapor 
density of almost any organic solvent is higher 
than air and, therefore, most organic solvents 
may be used under reflux if conditions are 
carefully controlled. However, when inflam- 
mable solvents are used under reflux, extra- 
ordinary precautions must be taken to mini- 
mize fire hazards. 

Detroit Rex Products Company 

Figure 2305.—Top View of Slush-type; Degreaser. 
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It is doubtful if the use of other solvents 
in degreasers will ever become as important as 
triehlorethylene, but for special purposes, such 
as cleaning elements for assembly, other mate- 
rials may prove valuable. Isopropyl alcohol is 
the only important solvent (other than chlorin- 
ated hydrocarbon solvents) which is now used 
in a degreaser. It is used thus for drying op- 
tical elements which must have dust- and lint- 
free surfaces prior to the application of evap- 
orated films. 

Inorganic Solvents 

Acids.—^-Acids are occasionally used to dis- 
solve rouge from optical elements. A mixture 
of hydrochloric acid and acidic chlorides is ef- 
fective for the removal of rouge from bevels, 
ground surfaces, etc. Such a solution is used 
wärm and must be kept under a hood. There 
is danger of etching flint glass with it. 

AlkaliSi^Bilute alkalis are sometimes em- 
ployed for the removal of very thin silica films. 
An alkaline wash is useful when a coating 
such as silver, aluminum, or ah inorganic salt 
is to be applied to the glass.* However, alkalis 
are used principally as detergents, rather than 
as solvents. 

*Qrebenschikov, I. V.      Surface Properties of Glass. 
Keramika I Steklo, 7, No. 11-2 36-611.   1931. 

CLEANING METHODS USED BY 
VARIOUS MANUFACTURERS 

Minneapolis-Honeywell Regulator Company 
This company has developed a booth espe- 

cially adapted for cleaning and washing ele- 
ments before coating (see Figure 2306) that is 
efficient and convenient to use. Each operator 
is supplied with tanks and pans for the various 
liquids that are needed, and suitable drains are 
provided for carrying off any material that is 
to be discarded. It will be noted that hot and 
cold water, both plain and distilled, äs well as 
acetone, are piped to the wash booth. In oper- 
ation, the elements are mounted in specially 
designed forceps, and washed by the left oper- 
ator, who passes them along to the right. After 
the other operators complete the cleaning, the 
elements are removed from the forceps, and 
proceed around the corner to the right where 
they are inspected. 

Zenith Optical Company 
The Zenith Optical 'Company has developed 

a spray tank (see Figure 2307) equipped with 
permanently-fixed spray pipes, that has been 
successfully used to replace the usual soaking 
steps in cleaning optical elements. The solu- 
tion is contained in a reservoir in the bottom 
of the tank from which it is pumped to the 
spray pipes; From these it is sprayed on the 
elements and then returns through a screen to 
the reservoir tank for recirculation. The com- 
bination of mechanical and solvent action oper- 
ates to shorten the cleaning time considerably. 

&— :<<€. «xr.' vlä?^ 
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Minneapolis-Honeywell Regulator Convpany 

Figure 2306.—Setup for Cleaning Lenses Before Coating. 
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Zenith Optical Cotnpany 

Figure 2307.—Spray-tank Type of Cleaning Unit. 
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Frequent reference is made throughout this 
manual to the inspection of various types of op- 
tical elements. Where process inspection is in- 
volved, i.e., where the inspection is a necessary 
part of the operational procedure employed by 
a workman during any specific operation, it is 
often described in detail in the text when it 
occurs. For example, Chapter 15, Correcting 
Roof-angle Prisms, contains a detailed discus- 
sion of the use of angle gages, such as bar gages 
and try squares; and Chapter 22* Optical Finis 
and Test Glasses, contains ä detailed discussion 
of the use of optical flats and test glasses while 
optical elements are being processed. In some 
cases, however,, process inspection is referred 
to the present chapter. In addition, most in- 
spection-station inspections, i.e., those usually 
made by an inspector as distinguished from 
those usually made by a Workman during the 
processing of an optical element, are referred 
to the present chapter. 

Asa result of the above-mentioned practice, 
an attempt is made in this chapter to examine 
the function of inspection as ä whole, and to 
supply any necessary information not previr 
ously covered in the text. 

Efficient optical inspection is extremely im- 
portant in the manufacture of precision optical 
elements, the necessity for promptly detect- 
ing substandard elements while processing is 
obvious* because if they should slip by and 
proceed through additional stages, money and 
labor is wasted, the need for thorough inspect 
tiön at inspection stations (particularly the 
final inspection) is not always as clearly under- 
stood, but there are several reasons why such 
inspection should be as thorough as process 
inspection. 

One. reason is that the assembly of both 
optical elements and optical instruments is 
complicated by the close tolerances the-designer 
must assign in order to obtain optimum per- 
formance from the instrument. Inefficient in- 
spection thus makes the assembler's, task far- 
more difficult. 

Another reason is that all optical elements 
should be thoroughly inspected for ail undesir- 
able properties and defects which may show up 
in the instrument after assembly, and elements 
containing such undesirable properties or de^ 

fects should be discarded in order to avoid 
costly and time-consuming replacement opera- 
tions. For example, ä dig or a seed as small 
in diameter äs (LOÖOl inch is visible as a blob 
or ä blot on the reticles of certain instruments, 
the detection of such a defect after the element 
has been assembled in the instrument makes a 
replacement operation necessary. Again, if the 
focal length of a lens is beyond the permissible 
tolerance or the deviation in the angles of a 
prism is greater than that permitted, the per- 
formance of the instrument will be seriously 
affected, and a similar costly disassembly must 
be made to replace the element. Since it is not 
a simple matter to pick out a defective lens or 
prism in an instrument which contains four, 
five, or more optical elements, it is therefore 
important that the inspector prevent such ele- 
ments from ever reaching the .assembler. 

While the technique of surface inspection is 
relatively simple, the maintenance of standards 
is much more difficult. An inspector with nor- 
mal vision and ä moderate amount of training 
can satisfactorily detect scratches and pits, 
the problem is to 'calibrate' the inspector. 
Once the maximum pit or scratch has been 
established for a giveii element, it is desirable 
that the inspector reject elements having de- 
fects of this or greater magnitude, and pass 
those with lesser defects. ÜöWever, even the 
most reliable inspectors unconsciously tend to 
tighten or loosen their standards. Several 
methods have been developed to insure uni- 
formity, one involving the use of disks con- 
taining defects of varying magnitude, and the 
use of these defects as standards. With such 
standards it is possible for the inspector to 
check himself daily. 

The use of such standards does n'ot take-all _ 
the bürden from the inspector. He is still re- 
quired to exercise considerable judgment, and 
it should be emphasized that thorough training 
and good supervision should be provided for 
inspectors examining elements for surface de- 
fects; 

Space prevents giving more than a brief 
mention . öf such common devices as microm- 
eters, magnifiers, and scales. A very limited 
discussion is made of devices which are fully 
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PROPERTY OR DEFECT 

INSPECTION STATIONS 

GLASS 
ISSUE 

ROUGH 
GRIND POLISH 

• 

R S= 
'S"5» 

.'P«8 

R 

1 o 

FINAL 

GROUP m 
*S 3 » R. 

R   OS* 

••-«F—r 

tag CO 

§ C5, O 

« 
R 

1-1 

ä o 

MATERIAL 

Absorption 2 2 
Inclusions (Misters, bubbles, feathers, 

folds, seeds, stones) 
2 2 - - V V - — • V V 

Fractures, aracks 2&V 2&\ V V V V V — y y 
Striae 2 2 2 2 V Y — '   — V V 
Refractive4ndex 2 2 _ '  — -   -i — '   — -  -^ — . i. 

. Dispersive power 2 2 
Strain 2 2 . -• 

MANUFACTURING 

Dimensional . Linear dimensions M M M M M M~ M — M ' M 
Out-ofVrpund — M • — — — _ M — M . M 

» Surface Curvature ä M .M — S .— — — , C — 

Surface Chips V V y V " V V y V V V 

f 
Dig, dirt hole, orange peel, pit, rub, 
scratch, whip 

- - - - V V - - V V 

Poor polish, stains (burns, water spots) — — — — V V • - . - V y 
Centering & 

Edging 
Chuck marks, stick marks - -r - - '- - V - v V 

Beveling '   Safety bevel — .    —    : V V •   — -.-.-v. — — " - -- 

Sizeof bevel — _    ' ; y" V ..      ! v — - MprV MorV 
Wrong-side bevel — _ — .-   • — .   — V '. ^ y. ,V. 

Etching . Quality of lines and filling — _ i. .   —   . — .   — — — — y 
f~                           -   -      -   - :   Accuracy of pattern, width of line _ _ ~ :     — .— —, ~ — _— s 
?    '                      Chemical 

Silvering 
Pinholes, scratches, stains - - , - ; T -   : -r> . _ v • - V 

Low-Reflection 
Evaporated 
Film. 

Durability, color, pinholes, scratches, 
spatters, stains, uniformity, wrong side 

V v . V 

Reflecting Evap- 
orated Films 

Adherence, pinholes, scratches, spatters, 
stains 

- - - • - - •     - V - "V 

Cementing Overhang ' . M M 
"V" "=~~ 

. ._._ • i.— ---#'- ,  '-"" .___ -_._ ___-y_ ~   ir ~ '   BÜDDies,.airvaiscoiorauon.Teathering, 
lint, separation (starts, blis'ters) 

V 

Optical ,, Definition , — — • _ . — ,i- •     _ — — CorS CorS 
Angle of deviation, pyramidal error • —. — — — — — • — — — CorS 
Equivalent focal length C : \C_ 
Back focal length ~ _ — _ — — ,— — CorS CorS 
Resolution _ S S 

; Concentricity ~ -   . ..- - :  - -r -. - G c 
EXPLANATION OF SYMBOLS 
2=^See Chapter 2, Inspecting Optical Gtoss 
V== Visual Inspection 

Tfi== Mechanical Inspection 
G==Collimator Inspection 
S=Special Inspection 

Figure 2401. 
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described in other textbooks. Among these are 
the spectrometer and the interferometer. How- 
ever, an effort has been made to describe the 
visual inspection of optical elements in detail, 
since very little appears to have been published 
on this subject. 

As an aid to a more complete understanding 
of inspection practice, a table (Figure 2401) 
and a glossary of terms are incorporated in the 
beginning of the chapter. 

In the glossary an attempt is made both to 
define and to relate ä Targe number of terms, 
covering properties and defects which are the 
subjects of inspection in optical elements. Some 
of these terms are universal throughput the 
optical industry, while others are variant terms 
with identical meanings;.. 

By defining these terms as, simply as pos- 
sible, and by relating them, one to another, it 
is hoped that a reasonable degree of standard- 
ization of meaning is achieved. 

In Figure 2401, Inspection Table, types of 
inspections are indicated for various proper- 
ties and defects, as they relate to a specific 
group or a specific stage in manufacture. As 
will be noted, the symbols used ("V," "M," "C," 
and "S") correspond with the main types of 
inspection as exemplified in the main headings 
of the chapter—"Visual Inspection," "Medians 
ical Inspection Equipment," "Cöllimatör In- 
spection Equipment," and "Special Inspection 
Equipment." The only exception ("2") being 
used as a reference to the inspection of raw- 
glass which is covered in Chapter 2. 

GLOSSARY OF OPTICAL PROPERTIES 
AND DEFECTS 

AbsoTptiöii'.^^Tue IöSS GJ. iigiit intensity ob- 
served in an emergent beam, in excess of the 
losses due to reflection at the glass surfaces. 
(See also Chapter 2.) 

Accuracy of Pattern.—The degree to which 
ä pattern of etched lines, usually on a reticle, 
conforms to specifications. 

Adherence (äs applied to evaporated Sims). 
^—The degree of adhesion of ä reflecting evap- 
orated film to an optical element.     (See also 

= "Durability.") 

Angle of Deviation.—The angle between the 
path of an incident ray and the refracted ray. 
(See also "Deviation.") 

Astigmatism.—The defect of a lens where- 
by a single point of the object is not imaged 
as a point, but rather as two mutually-perpen- 
dicular short focal lines, one line being closer 
to the lens than the other. (See also "Dennis 
tron") 

Astigmatic Surface= — A surface which is 
cylindrical about one or more axes. (See also 
"Definition/') 

Back Focal Length.^See "Focal Length." 

Bevel (or Chamfer).—A bevel is a surface 
ground at the intersection of two or more sur- 
faces to provide a stronger edge, to reduce the 
possibility of chipping, and for ease of mount- 
ing in the instrument. A safety of protection 
bevel is one that is_gfound on for use during 
processing to avoid chipping; and is eliminated 
during the centering and edging operation. A 
wrong-side bevel is one that has been ground 
at the edge of the wrong surface during the 
centering and edging operation. 

Birefringence.—The difference in refractive 
index, from the normal refractive index of the 
glass which is caused either by placing the 
glass under compression or under tension. 
Birefringence is a form of strain. (See Ghap> 
ter 2 under "Inspecting Slab Glass—Strain.") 
(See also "Strain.") 

Blemish.—A general term sometimes used 
to, cover certain visible material and surface 
defects which are not sufficiently pronounced to 
impair noticeably the optical performance of 
sn element. Optical elements -are jiot inspected« 
for 'blemishes' as such, but are inspected for 
the specific defects which apply. Blemishes 
should not be referred to äs 'beauty defects' 
because the latter term indicates that they are 
merely a matter of appearance, whereas if they 
are sufficiently numerous, they will interfere 
with the proper optical performance of the 
element, 

Blister.T—An elongated bubble or seed, ellip^ 
tical in shape. (See also "Inclusion.") 
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Blister, Cement — An inner area between 
two surfaces either where there is no cement 
or where cement has pulled away from one or 
both of the surfaces.   (See also "Separation.") 

Block Reek. — A series of short, intermit- 
tently-spaced scratches Occurring in a line or 
short arc.    (See also "Scratch.") 

Bubble.-?—An air ör gas pocket enclosed in 
the glass itself, usually spherical in shape and 
brilliant in appearance. (See also "Inclusion.") 

Bubble, Cement.-r-Air inclusion between ce- 
mented surfaces^ 

Bubble, Open.--See "Pit." 

Burn.-^A reddish stain caused by drying 
up or glazing of a polishing tool. A burn is 
generally found on the central area of a lens. 

Chamfer,--See '«Bevel." 

.. Chemical ^Silvfiring.T^Chemical silvering is 
a reflecting film, which is applied chemically to 
the back surfaces of mirrors and prisms. It is 
backed up by a coating of copper and* if an 
external surface, is then coated with a durable 
paint. 

Chip.-r^A complete fracture at the edge of 
a lenc ör other' optical element from which a 
shelWike fragment has been removed. 

Chromatic Aberration.---The inability of a 
lens to focus light of different colors, i.e., dif- 
ferent wave lengths, at a single point. When 
light passes through a single lens it is dis- 
persed into its component colors, causing the 
image to be tinted at its edges with different 
colors.    (See also "Definition;") 

Chuck Mark.—A circular scratch made by 
the chuck When ä lens is being centered by 
means of a wooden stick. (See also "Scratch" 
and "Stick Mark.")' 

Color (as applied: to «low-reflection evapo- 
rated films)* —- The color of a low-reflection 
evaporated film denotes the thickness of the 
film. In general a purple color is desirable, 
but in actual inspection practice an allowable 
colorVrange tolerance must be set up and en> 
bodied on a chart or a set of sample lenses. 
The color observed in the film is then compared 

with the actual Golors on the chart or sample 
so as to achieve a basis for acceptance or re- 
jection. 

Coma. — Spherical aberrations of oblique 
pencils of light, so named from the comet- 
shäped image of a point formed by a lens ex- 
hibiting coma; This aberration is produced by 
the unequal refraction of the different parts of 
a lens-    (See also "Definition.") 

Concentricity.—The coincidence of the geo- 
metrical' and the optical axes of a lens. (See 
also "Geometrical Axis" and "Optical Axis".) 

Cord.-^-(See "Stria.") 

Crack.—A crack is a partial separation of 
the glass without an actual opening. (See also 
"Fracture.") 

Crack, Fire.—A shallow separation of the 
glass without an actual openihg, caused in 
pressing, which gives the glass surface a 
crazed or crackled appearance. It may appear 
over the entire surface of the glass, or only at 
the edge and run a short distance toward the 
center. (See also "Fracture.") 

Crush.—A cluster of extremely small pits 
resulting in a dull gray appearance over the 
area of the cluster.    (See also "Poor Polish.") 

Curvature of the Field; -— An aberration 
which causes rays of light passing through a 
lens to come to a focus at points which do hot 
lie in the same plane. The .field of view has a 
'dished' appearance.    (See also "Definition.") 

Cut.—A heavy scratch having easily visible 
secondary chips extending from the edge of the 
scratch,  XS.ee also "Chips" -and: "Scratdi^")- 

Definition.-^-The term used to describe the 
quality of the image formed by a lens or optical 
system. Image quality is determined by the 
amount of astigmatism, chromatic aberration, 
coma, curvature of field, distortion, and spher- 
ical aberration. 

Deviation. -— Angular departure of rays 
passing through an optical element from some 
prescribed ideal or specified path. (See also 
"Angle of Deviation.") 
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Dig.--^-A cavity, usually elongated, in the 
surface of an optical element from which glass 
has been removed, 

Dirt or Link—Foreign material lodged be- 
tween, cemented surfaces, usually due to im- 
proper cleaning or foreign material in the 
cement used. 

Dirt Hole.—rA pit in a glass surface filled 
with any foreign material. 

Discoloration (as applied to cement). — A 
darkening of cement due to either age or imr 
purities in the cement. Discoloration causes 
the cemented optical elements to take on a 
yellowish cast. 

Dispersive Powers—The measure of the re- 
fractive-index spread between the F and C 
Fraunhofer lines when compared with the D 
line. (See Chapter 2.) 

Distortion—That defect of a lens whereby 
the images of straight lines appear curved. Any 
straight line extending across the field, unless 
it intersects the principal axis, will appear 
curved, and for different lenses the curvature 
may be from, or toward, the center. It is caused 
by different magnification of different parts of 
the image.    (See also "Definition".) 

Double Image.—An image reflected to the 
observer's eye from two surfaces in such man- 
ner as to appear as^ two overlapping images. 
An extreme case of bad definition. 'See also 
"Definition.") 

Durability.—The ability of an evaporated 
film to stand up well under various tests de- 
signed to determine the adherence and wearing 

jqualitvLof-the ftlmu  ,     

Eccentric;—A condition which occurs When 
the optical and. geometrical axis of an element 
are not coincident due to faulty centering. This 
condition is also found in cemented lenses due 
to faulty centering and/or cementing. (See 
also "Concentricity.") 

Equivalent Focal Length. -~ See "Focal 
Length." 

Error of Deviation!—See "Angle of Devia- 
tion." 

False Polish.—See "Poor Polish." 

Feather.---The result of fusion of a vented 
fracture during molding or pressing of glass 
into blanks.    (See also "Inclusion.") 

Feathering.—The physical change in cement 
which causes the cement to lose its transparr 
ency and develop a feather^like pattern. 

Focal Length.—The distance from the prin- 
cipal focus to either a surface or the optical 
center of a lens. Equivalent Focal Length is 
the distance from the optical center of a lens to 
the principal focus. Back Focal Length is. the 
distance from the axial point of the back sur- 
face of the lens to the principal focus. . Front 
Focal Length is the distance from the axial 
point of the front surface of the lens to the 
principal focus. 

Fold.-:—A powdered surface folded into the 
glass in the pressing process. (See also "Inclur 
sion.") 

Fracture.^—A fissure of breaking of glass 
from sharp impact or heat strain. (See also 
"Crack" and "Crack, Fire.") 

Frönt Focal Lengjth.—See "Focal Length." 

Geometrical Axis. — The line through the 
center of a lens (or other circular optical ele- 
ment) determined by measurement. Sometimes 
referred to as the 'physical' or 'mechanical' 
axis to distinguish it from the optical axis. 
(See Figure 1306.) (See also "Concentricity.") 

Gouge.—See "Dig." 

Gray (or Grayness).—See "Poor Polish." 

Jmage^Animageis the exart optical re- 
production öf an object. (See also "Definition" 
and "Resolving Power.") 

inclusion.—Any foreign matter or undis- 
solved glass batch in the body of the glass, thus 
bubbles, blisters, feathers, folds, seeds* and 
stQnes are all inclusions. 

Incomplete Polish; — See "Poor Polish." 
(See Figure 1212.) 

Index of Refraction. — See "Refractive 
Index." 
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Knock.-^An incomplete fracture produced 
by impact.   (See also "Fracture.") 

Linear ©intensions.—Linear dimensions in- 
clude diameter, height, length, thickness, 'vol- 
ume', and width. 

Lint.—See "Dirt or Lint." 

Long Focus. -~ A focal length longer than 
the specified focal length. This defect is read- 
ily detected at the optical lens bench or a com- 
parable fixture.   (See also "Focal Length.") 

Low-reflection Evaporated Film.—^A low- 
reflection evaporated film is a film applied to 
an optical element by an evaporation process 
(see Chapter 19), which has as its purpose the 
reduction of light reflection to a minimum. It 
is always applied to the outside faces of optical 
elements. 

Mechanical Axis.—See "Geometrical Axis." 

Micrometer Mark, ^T A circular ör pärtTy- 
circular scratch caused by the application of a 
micrometer to a polished surface. (See also 
"Scratch.") 

Optical Axis.—That point in ä lens at which 
a light ray passing through will not be bent. 
(See Figure 1306.)  (See also "Concentricity.") 

Orange Peel;—A condition that is charac- 
terized by elevations on the polished surface 
resembling the surface of an orange skin. 

Out-of-round.—A condition in which a cir- 
cular element is elliptical to the extent that it 
exceeds the tolerance for the specified diameter. 

Overhang.r^In cementing optical elements, 
the optical and geometric centers of the various 
elements do not always coincide. Since the op- 
tical, centers are aligned in the process of ce- 
menting, tne result is xnat a portion 01 xne 
edge of one element overhangs the other. 

Oversize.—A measurement over the allowed- 
tolerance of a specified dimension.   Specifically 
denoted; as:  diameter oversize, width oversize, 
length oversize, etc.   (See also. "Linear Dimen- 
sions.") 

Pinhole.—Ä pinhoje is a minute open area 
in which either chemically-deposited silver or 
evaporated film lias hot adhered to the glass. 
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Pit.~A small opening in a regular surface 
caused by an abrasive during the rough- or 
fine-grinding operation, or by opening a bubble. 

Poor Polish.—r-A term applied to an income 
pletely polished surface containing minute pits 
or dirt holes. Poor polish may appear brown, 
gray, red, or tan, depending on the color of the 
fine-grinding or polishing abrasive which fills 
the minute pits in the surface of the glass. 
'Gray' and 'short finish' are synonomous terms. 

Prismatic Lens.-^-A lens whose edge thick- 
ness is not uniform. No specific check is made 
for this condition in itself, but the condition is 
checked under "Linear Dimensions" and "Con- 
centricity." 

Pyramidal Error.—A measure of the tend- 
ency of the faces of a prism to form pyramid- 
like figures instead of true figures Of the paral- 
lelepiped type. 

Quality of Lines and Fittini^^T.he quality 
of etched lines and the material which fills 
them is determined by the evenness of the lines 
and the uniformity of the filling material. 

Ream;—A fine band or layer of glass of a 
different refractive index from that of the sur- 
rounding glass.   (See also "Stria.") 

Reflecting Evaporated Filim—A reflecting 
evaporated film is a film applied to a mirrpr, 
by an evaporation process (see Chapter 19), 
which has as its purpose the maximum reflec- 
tion of light. It is always applied to the front 
surface of a mirror. 

Refractive Index.—A measure of the change 
iii direction of a light ray äs it passes from one 
medium, such äs air, to another, such as glass^ 
Also called "Index of Refraction."    (Bee Fig- 
ure 212.), 

Resolution.-—See "Resolving Power." 

Resolving Power.r^-Resolving power is the 
ability of an optical element to maintain (for 
the observer) as separate points the images of 
two points that are close together The limit- 
ing angle of resolution is the smallest angle, 
between the lines of sight to two points, at 
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which they can be distinguished as two sepa- 
rate points, Le.9 just before they aßpear to 
merge into a single point. This angle is com- 
monly used as the measure of the resolving 
power of the element involved. 

Resolving Power of Lens.—See "Resolving 
Power." 

Resolvifcg Power of Prisnt.- 
Pöwer." 

-See "Resolving 

4 

Ring.^-A circular scratch produced by the 
stick used in the centering operation. It is 
sometimes referred to as a 'stick mark'. (See 
also "Stick Mark.") 

Rub.—The marred surface of glass caused 
by contact with glass or other substance, leav-r 
ing a defect of a white or milky appearance on 
the surface. 

Run-in, Cement.—See "Starts Cement." 

Safety Bevel.^-See "Bevel." 

Sand Hole.—See "Pit." 

Scattered.-—The term applied to the separa- 
tion of allowable surface defects and inclusions. 
Defects of this character must be scattered by 
a .distance at least 20 times the diameter of the 
largest defect.. 

Scratch; — A furrow in a glass surface 
caused by abrasion. Scratches can be seen by 
reflected light when viewed from the proper 
angle. 

Seed.^A minute bubble less than 0.0G5-inch 
diäißeter,    (See also "Inclusion.") 

Separation.--—A section of $>*» cemented sur- 
faces of a lens or prism cluster where the com- 
ponents have started to separate. 

Short Finish.^See "Poor Polish." 

Short Focus.—A focal length shorter than 
the specified focal length. This defect is readily 
detected at the optical lens bench or ä compar- 
able fixture,   (iSee also "Focal- Length.") 

Size of BeyeL-^See "Bevel." 

Skimi-^-Streaks of dense seeds with accom^ 
panyirig small bubbles. (See also "Seed" and 
Bubble,") 

Sleek. — A series of very light scratches. 
(See also "Scratch.") 

Spatter.—A macroscopic particle of a mol- 
ten salt or a metal which is exploded by the 
spontaneous production of a gas or a vapor 
beneath the molten surface, and which adheres 
or fuses onto the glass surface during the ap- 
plication of an evaporated film. All the causes 
which can produce a spatter are not known. 

Spherical Aberration. — The inexact focus 
of refracted rays, all rays not coming to a 
focus at the same point. This defect of a lens 
is due to its spherical curvature wherein re? 
fracted rays from the outer portions will not 
cut the piuncipal axis at the same points as 
rays refracted nearer the principal axis. This 
produces a blurred! image. (See also "Defini- 
tion.") 

Stain, —r- A discoloration (usually brown, 
blue, or green) of a glass surface caused by a 
deposit or chemical action, e.g., from polishing 
rouge. 

Start, Cement. — A spot or section at the 
edge of a lens or prism cluster where the com- 
ponents have started to separate, or a small 
irregular separation anywhere between the 
components. Starts are due to cement retrac- 
tion, insufficient cement, or solvent action on 
cement at edges.    (See also "Separation.") 

Stick Mark.—A stick mark is a mark :lo*f 

on the surface of ä lens by the wooden stick 
which is used to center it. (See also "Chuck 
Mark" and "gesstek") 

Stöiie. -T- Any opaque or partially-melted 
particle, such as sand, embedded in the glass. 
XSeealso .-"Inclusion."). -..      -  

Straim^A defect in glass caused by inters 
nal stress due to poor annealing, or due to glass 
not having a uniform coefficient of expansion. 
Strain can be detected only by examination in 
polarized light. 

Streak.—See "Stria." 

Stria (plural, Striae).-^A streak of differ- 
ent composition and therefore a different re- 
fractive index within the glass mass.   This 
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defect is caused by imperfect mixing of the 
molten ingredients during manufacture. Striae 
scatter light, causing fogginess and general 
loss in definition. Cords, streaks, and veins 
are also striae^ 

Stripe.-^-A very light scratch. (See also 
"Scratch.") 

Surface Curvature;—Surface curvature is 
the curvature resulting from processing a 
spherical optical element to a specific radius of 
curvature. 

Talc.—See "Fold" and "Feather/" 

Thick. - 
"oversize.' 

Amount over tolerance^   See also 

Thin. ^- Amount under tolerance. 
"Undersize." 

See also 

Turnedrddwh Edge.—-rThat portion of a pol- 
ished surface from which more glass has. been 
removed than from the center. A turned-down 
edge can be detected by the ring pattern seen 
through a test glass. (See also "Surface Cur- 
vature.") 

Undersize.—A measurement under the al- 
lowed tolerance of a specified dimension. Spe- 
cifically denoted as: diameter undersize, width 
undersize, length undersize, etc. (See also 
"Linear Dimensions.") 

Uniformity.:—The term 'uniformity' of ei- 
ther chemically-deposited or evaporated coat- 
ings denotes the uniformity of color and thick- 
ness of the coating. 

Vein.—See "Stria." 

'VöMnie^.-—The last measurement taken at 
either the molding, pressing, cutting, grinding, 
Or polishing stage, to determine the size of the 
piece.    (See also "Linear Dimensions.") 

Water Mäfk.-^See "Water Spot." 

Water Spot,-^-An outline on ä polished siir-. 
face, probably a slight etching of the giass 
itself, caused by evaporation of water or other 
liquid. A water spot is sometimes called a 
'water mark'. 

Wedging.-^-See "Prismatic Lens." 

Whip. — A surface condition characterized 
by the appearance of approximately parallel, 
short, wavy lines on the surface when viewed 
in reflected light. When tested in monochro- 
matic light on an optical fiat the surface with 
'whip' shows wriggly fringe lines; 

Width of Line. — The width of an etched 
line, usually on a reticle. 

Wrong Glass:—See "Dispersive Power" and 
"Refractive Index/' 

Wrong §i«e (as applied to low-reflection 
evaporated films),—Since certain surfaces of 
optical elements which are to be cemented are 
not coated, ^ariy accidental application of film 
to these surfaces would be considered wrong- 
side coating. 

Wrong:side Beyet.^Ä bevel on the wrong 
side.    (See also "Bevel.")- 

VISUAL INSPECTION 

Finished optical elemeritsshould be inspected 
carefully for surface defects such as chips, 
digs, dirt holes, orange peel, pits, poor polish, 
scratches, stains, anl rub, and for internal 
defects such as cracks, fractures, inclusions, 
and striae. 

This inspection must be extremely rigorous 
for surfaces which will tie in or near a focal 
plane in the completed instrument. Surfaces 
at a greater distance from a focal plane (see 
Figure 2403) require an inspection that is 
somewhat less critical. Defects ön class 2 sur- 
faces are undesirable because they may cast 
objectional shadows oh the reticle or collective 
lens. 

The general procedure for inspecting fin- 
ished or semifinished processed polished sur- 
faces is as follows: the element is cleaned 
carefully, then examined under proper illu- 
mination and surroundings with the naked eye, 
or with the aid of a magnifier; defects are 
noted and, if judged objectionable, are marked 
with a wax pencil. 

&•' . _iv ,>f< -*x sryr" ~ • ratt •' .   ^V   ~£~-' '.Vs 
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Facilities for Inspecting 
Illumination of Room.—The general (over-r 

all) illumination of an inspection room, which 
may be only a small booth, has an important 
bearing on the ability of an inspector to detect 
minute defects or fiawsr Inspection rooms can 
be classed as darkened, dimmed, or well-lighted, 
each condition having its advantages and dis- 
advantages. Most critical inspections should 
be made in a darkened room where the only 
light sources are those directly in front of the 
inspector. Such a condition is more effective 
because no stray light reaches the element. 
Stray light, i.e., any light other than the in- 
spection light itself, tends to reduce the effec- 
tiveness of the inspection light. Hence any 
inspection made with general illumination will 
be less critical than that made with an inspec- 
tion light alone, The illuminations of the ele- 
ment should be adjusted so that the inspector 
can see any imperfections which constitute a 
cause for rejection. 

Conditions surrounding an inspector also 
have a, bearing on the effectiveness of the work. 
Walls and other surroundings reflect a consid- 
erable amount of light unless covered in such 
a way that a large portion of any stray light 
is absorbed. For this reason? a dull paint or 
black paper is sometimes used to reduce re- 
flected light. 

Conditions approximating a darkened room 
may be obtained by placing the inspector in a 
small booth with a low-reflecting lining. 

Backgrounds.—In addition to the general 
illumination and the wall conditions, the imme- 
diate surroundings at the work place of each 
inspector should be considered, since undesnv 
able stray light may also be reflected from 
them. Important among these immediate sur- 
roundings are the backgrounds on which an 
element is placed, or in front of which it is 
held for inspection. Both horizontal and ver^ 
tical backgrounds are necessary for some in-? 
spections. When inspecting by reflected light, 
a horizontal background is convenient-,, while a 
veirtical background is better for transmitted 
light. These backgrounds may consist of a 
dull sheet of black paper lying on a bench top, 
or a board covered with dull paint and placed 
vertically at the rear of the bench. Care-should 
be taken to eliminate any objects in the back- 
ground which might distract the inspector's 
eye. 

Illumination of the Element.—There are a 
number of methods ol illuminating elements 
under inspection, the most common of which 
are discussed below. It should be remembered 
that some methods are much more critical than 
others and, therefore, care should be taken that 
the method selected is suitable (sufficiently 
critical, but hot too critical) for the particular 
class of work undergoing inspection. 

Elements may be inspected by either re- 
flected or transmitted light. When transmitted 
light is used, it passes directly through the 
element to reach the inspector's eye.    When 

DIFFUSION GLASS LIGHT BULB 

^-OPAQUE STRIPS 

LIGHT BULB 
(IOO-WATT) 

CARDBOARD OR 
WOOD BOX 

REFLECTED AND 
REFRACTED LIGHT RAYS 
CAUSED BY DEFECTS 

SHIELD TO 
ELIMINATE 
SIDELIGHTS 

BLACK 
PAPER 
OR FELt 

REFLECTORTJ    BOX 
TABLE OR BENCH OPTICAL ELEMENT 

IN POSITION FOR 
INSPECTION 

(a) (b) 

••i 

Figure 2402.—Two Types oi Inspection Lamps. 
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TABLE OF TYPICAL INSPECTION CLASSIFICATIONS 
FOR OPTICAL ELEMENTS 

I 
CLASS ZONING 

APPROXIMATE SIZE 
OF BORDER-LINE 

DEFECT 
MAGNIFICATION 

METHOD OF 
ILLUMINA- 

TION 

1. Surfaceswhich lie 
within ±5 diopters of 
a föcärpiatie. 
(e,o., reticles, some 
collective and field 
lensesy some'pnsrü 
Surfaces) 

Divided into a 
central-zone, 
half the clear 
aperture in 
width, which/ 
Tsnnore 
critical than 
the outer zone. 

Central zone generally 
free of any defect 
detectab]e=at the 
magnification ef the 
eyepiece.   Veryilight 
scratches :ahd very 
sniali pits sometimes 
alloweuin the-outer 
zone- 

Use magnifier equal to 
or greater in power 
than that of eyepiece 
with Which element 
is to be used. 

Critical 

2. Susf aces which lie 
within- 5 to 15=diopters 
of a focal plane, 
(e.fif.j-inost collective 
ienses, center lenses, 
of eyepieces^ and 
some eye lenses) 

As^witJi class i Scratches approximately 
0.0001 to 0.0005 inch iii 
width.    Other surface 
defects are allowable 
^proportional 
dimensions. 

Some inspectors use 
magnifier (not over 
3X) to examine for 
defects which are 
difficult to pick up. 

Sömi=c*'i wi" Q I~ 

3. All surf aces which, lie 
15-or more diopters 
out of ajf ocai plane. 
{e.g., objective leases, 
windows, most 
erecting lenses) 

Zoning not 
necessary. 

Scratches approximately 
0.001 to 0,002 inch in 
width.   Other surface 
defects are allowable 
in^proportional 
dimensions. 

Generally inspected 
without aid, of 
magnifier. 

Normal" 

Figure 2403. 

reflected light is used, the light from a source 
is reflected from the surface being inspected 
into the inspector's eye. 

When an element is inspected in transmitted 
light, the element is held so that it is on a 
straight line between the source and the in- 
spector's eye. A bubble, seed, or scratch will 
appear as a dark spot, since the light which 
would normally reach the inspector's eye from 
this area is deflected by the defect. 

When inspectingby reflected light, a perfect 
surface appears illuminated uniformly across 
its entire surface. Any interruption in the sur- 
face, such as a scratch or dig, scatters light, and 
thus appears either darker or brighter than its 
surroundings. Reflected light ds widely used in 
the inspection of polished and ground surfaces. 
Transmitted light is suitable for observing 
internal defects, such as bubbles and seeds, 
because it approximates the light under which 
the element operates in the instrument for 
which it is designed. With the aid of a mag- 
nifier and with sufficient illumination, an in- 
spector can detect a surprisingly-small defect 
when using transmitted light- 

Sunlight would be by far the best illumina- 
tion for optical inspection if it were possible to 
obtain ä sufficient amount at all times.   Since 

this is obviously impossible, the inspector must 
depend on artificial illumination either as a 
supplement to, or a substitute for, sunlight. 
Three main types of artificial illumination are 
available arid all are used to some extent—light 
from incandescent lamps, light from fluores- 
cent lamps, and light from microscope lamps. 
Daylight filters (either external or incorpo-^ 
rated in the glass surrounding the lamp) are 
often used with the first two types. Incandes- 
cent and fluorescent light are both used with 
good results for general inspection purposes, 
while light from microscope lamps is used in 
special applications requiring ä high degree of 
intensity. 

Incandescent Lamps. — Many types of 
mountings are used for incandescent; lamps.. 
A convenient one, known as the 'black bar' 
lamp* is shown in Figure 2402 (a). The black 
bar lamp consists of a rectangular, box con- 
taining a 15- or 20-watt bulb. One face of the 
box has, a ground glass screen crossed with 
parallel strips of black paper about 1-inch wide 
and 2-iiiches apart. The inspector looks di- 
rectly through the element into the lamp, and 
by moving the element from a dark zone into a 
lighted zone he can obtain excellent contrast. 
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The 'black spot' lamp, a variation of the 
black bar type described above, is usually an 
ordinary industrial bench lamp equipped with 
a polished glass cover over the reflector. An 
opaque disk, pasted or sandblasted on the cover, 
shields the bulb, and thus prevents, any direct 
rays from reaching the observer. Inspection 
is accomplished in the same manner as with 
the black bar light. 

Figure 2402(b) shows another type of in- 
candescent lamp which has no special name. 
The data on the figure provides both structural 
and functional detail. In Figure 1721 is,shown 
another type of mounting. In this light, it will 
be noted, ä magnifying eyepiece is held in a, 
fixed position for examination of the element. 

Fluorescent Lamps.^-This type of lighting 
is becoming increasingly popular. The most 
common forms are floor or ceiling-suspended 
fixtures, and bench lamps. The former types 
are generally about 2 feet above the level of 
tile inspeetör-'s eyes, bench models being at or 
below this level. 

Microscope Lamps.—This type of lamp is 
similar to that used to illuminate microscope 
slides where a type of lamp is required that 
will project a spot of light through a condenser 
system1. Since the light, can be controlled or 
concentrated at any point desired, it is used 
when a powerful light source for a critical in- 
spection is required. Inspection is made either 
with the rays reflecting from a surface or with 
cross illumination of the element. As ä rule, 
microscope lamps are reserved for extremely 
critical inspection and are generally used in 
darkened of semi-darkened rooms. They are 
seldom used when transmitted light is required* 

-.,..... ^Standardization of Befects 

Surface defects in an optical element have 
varying effects on the performance of ari op- 
tical system of which the element in question 
forms a part. These eifects depend not only 
on the place and importance of the element iri 
the system, but also on the character and loca- 
tion of the defect on the surface of the element; 
Many attempts have been made to prepare 
graded standards for pits, scratches, and other 
surface defects, so as to provide the inspector 

with standard samples for comparison with 
defects on actual elements. 

The optical engineer who designs an instru- 
ment must know the effect of various defects 
on the instrument's performance, and must 
draw his plans and specifications in such a way 
that the inspector, who will not have the same 
technical knowledge, can decide with reason- 
able precision and uniformity whether a par- 
ticular element will be satisfactory. 

It is to assist both the engineer and the inr 
spector in their work that some manufacturers 
have developed graded standards of various 
defects, of elements, in order to i-equife the 
inspector to exercise as little judgment as pos- 
sible in deciding whether of not a particular 
defect will affect the operation of an instru- 
ment, and to allow him to concentrate fully on 
deciding if it is greater or less than a sample 
of a similar defect which is also before him. 

Determining Classes of Surface Defects.— 
Figure 2403 shows a convenient arrangement 
for separating optical elements so that their 
surface defects fall into three standard groups 
fof inspection. As will be noted from an ex- 
amination of this figure, surface defects are 
divided into three classes that are determined 
by the proximity of the element in question to 
an applicable focal plane in the optical system 
of which it forms a part. It will also be noted 
that class 1 is the most critical group, and that 
classes 2 and 3 are progressively less critical. 

An experimental method of testing for op- 
tical proximity of a lens or surface to a focal 
plane, e.g., a reticle of an optical instrument, 
is described in the following paragraph. 

Marks are placed on the surface to be tested. 
(A rouge pencil is very satisfactory for this 
purpose.) The marked element is then placed 
ifi Its proper position iii the instrument. The 
eyepiece of the instrument is. set at zero by 
bringing the reticle into shafp focus with the 
aid of an auxiliary collimating telescope set for 
infinity. Then, using a set of diopter lenses 
ranging fföm -\-5 to —5 diopters in steps of 
1 diopter, or of a variable-focussing diqptom- 
eter, the surface is carefully examined. If the 
marks on the surface in question are clearly 
visible, the surface lies within ±5 diopters of 
the focal plane. This operation is accomplished 
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by interposing the diopter lenses between the 
eyepiece of the instrument and the eye of the 
observer. The diopter lens, which brings the 
marks on the surface in question into sharp 
focus, gives the quantitative value of the op- 
tical proximity of the surface in question to 
the focai plane Of the instrument. Satisfactory 
observation can be made either by looking at a 
bright landscape, or a brightly-illuminated sky, 
or into ä collimator provided with suitable 
lighting. 

Any defects oh the surfaces of elements 
within ±5 diopters of a focal plane are on 
class i .surfaces, and may, therefore, be re- 
ferred to as class 1 defects, its indicated in 
Figure 2403. Defects in classes 2 and 3 may 
be similarly determined* by substituting a diop- 
tometer of suitable i;ange, or else by substitut- 
ing diopter lenses of 5 to 15 diopters, or of 
over 15 diopters respectively. Where elements 
are designed for use in instruments having 
more than One focal plane, classification is de- 
termined in the same-fashion by reference %Q 
the focal plane applicable to the specific ele- 
ment. 

Determining Allowable Sizes of Surface 
Defects.—The column entitled "Approximate 
Size Of Border-lme Defect," in Figure 2403, is 
included in this manual for purposes of clarifi- 
cation and comparison only, and is not to be 
interpreted as setting up an absolute standard' 
for allowable size of surface defects. 

The adoption of a system of sizing allows 
able defects for inspection purposes, would nat- 
urally necessitate the setting tip of standards 
to cover all surface defects noted in Figure 
2401.-. Such a set of standards would necessar- 
ily be worked out by the engineering staff of 
the manufacturer of optical elements involved, 
and might be based upon experience or upon 
a relevant jH'inuipiej.-such as the measurement 
of beam diameter, as noted' below under 
the "Eastman Kodak Method." Once forked 
out, the actual allowable sizes can be utilized 
by the inspector either directly äs embu iied in 
a tolerance chart,, Or indirectly as embodied in 
sets of samples with which comparison of the 
optical element can then be made. Two meth- 
ods of providing samples for comparison are 
rioted below. It may also be added that present 
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practice at Frankford Arsenal is to provide a 
set of samples with defects sized according to 
both classes and zones, as indicated in Figure 
2403. These defects are arranged for direct 
comparison, and include both those which are 
just within tolerance, and those which just ex- 
ceed tolerance in the various classes and zones 
of optical elements. 

Minneapolis-Honeywell Method.-^-This sys- 
tem of measuring maximum defects such as 
scratches, pits, bubbles, etc. is used by Minne- 
apolis-Honeywell Regulator Company, and is 
said to be a help in providing a constant stands 
ard of quality to guide the inspector. 

The inspector is provided with a standard 
sheet for each element to be inspected. This 
sheet shows the maximum size and quantity of 
the various types of defects that are allowable. 
In most cases, the element is divided into ar^as, 
consisting of a cental zone, designated as A, 
outer zones, called B and 0, and an outside 
zone or rim area. In many cases, the quantity 
and size of allowable defects are different in 
the different zones. 

Each inspector is furnished with a standard 
box made of sheet metal with four 7-watt, 110- 
volt bulbs for illumination, see Figure 2404. 
The front of the box is covered with opal glass 
over which is placed the 'scratch standard film'. 
The left section contains a drawing of the ele- 
ment with the zones indicated in full scale. 

Oh the standard film are twenty-two 
scratches, ranging from Ö;0ÖÖ5 to 0.020 inch 
in width, and numbered from 1 to 22. Number 
1 is 0.0005 inch; number 2, 0.001 inch; number 
3, 0.0015 inch:; number 4, 0:002 inch. From 
number 4 through number 22 the width of the 
scratches progresses by intervals of 0.001 inch. 
Because these films are printed photographr 
ically from ä master negative, the width of 
scratch lines ;may vary slightly; 

In questionable cases, the inspector places 
the optical element on the film* and thus deter- 
mines if the defect in question is larger than 
the maximum tolerance for a like defect as 
indicated on the standard sheet. 

Eastman Koäa'jk Method.-^Eastmän Kodak 
Company has developed ä system of graded 
standards. It consists of a case with several 
glass disks, which are visible through the sides 
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Minneäpölis-Höney.weill Regulator Company 

Figure 2404.—Visual Standards Box Used in Inspection of Surface Defects. 
"•*m*s 

of the case. On each of the disks is an accu- 
rately-made scratch or dig. Each of these 
defects is numbered and these numbers are 
used in specifying the allowable defect size* 
Defects, in elements under inspection are com- 
pared directly"With" the carefuiiy-sized defects 
in the standard case. 

The tolerances as to the allowable size of 
defects in various zones of the element are 
arrived at by calculation of the diameter of 
the beam, passing through the optical system, 
"the diameter of the actual beam is used to 
determine allowable sizes for defects in the 
center of the element, and the oblique beam 
diameter is used to determine the allowable 
size of defects in the outer zone.  (These calcu- 

lations are, of necessity, an engineering prob- 
lem which must be solved by ä qualified en- 
gineer.) 

Methods= of Checking Inspection.^In the 
absence of a standard system for measuring 
surface defects, such, äs those descr.ibea abpve, 
a fäiriy^efficient means of 'calibrating' or se- 
curing uniformity among inspectors is to have 
ä percentage of each inspector's work checked 
by a supervisor. This may be done in a num- 
ber of fashions. , 

In one method the inspector divides the 
work into three groups^-elements definitely 
accepted, elements, definitely rejected, and eler 
ments about which there is some doubt. The 
supervisor then inspects this last group. 

<^7 
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In another method the elements that are 
rejected by an inspector are re-inspeeted by a 
supervisor. This might also be applied to those 
elements accepted, but it is usuaily applied to 
the rejected elements only. 

In still another method the supervisor re- 
inspects an entire lot that has previously been 
inspected by the inspector. 

The above methods are sometimes used even 
in organizations which have efficient surface- 
defect standard systems, both for routine 
checks of inspector efficiency, and when deemed 
advisable due to a sudden large increase or 
decrease in rejections. 

Process inspection is sometimes split up 
and placed under the direction of the foreman 
of the section performihg a single operation, 
such as polishing, but in general, both process 
and final inspection should be placed under a 
single chief inspector who reports directly to 
the manager of the plant. It is of utmost 
importance that daily inspection reports be 
furnished to the heads of the various sections, 
such as the grinding room and the polishing 
room, in order that these men may have 
prompt warning of anything which may have 
gone wrong in the process so that they can 
take steps to eliminate the cause before more 
damage is done. 

Special inspection Methods 

Evaporated Film Coatings. Low-reflection 
Filmö.—-In addition to the inspection of the 
actual coating for color, durability ^ pinholes, 
scratches, spatters, stains, uniformity, and 
wrong side, the elements themselves are inr 
spected for any of the usual flaws and defects 
which may have been missed by the inspection 
before icoating, or which^may have developed 
since that inspection. The procedure and in- 
spection conditions are the same for inspecting 
the elements for defects as for polished, cenf 
tered lenses before.coating. 

Reflected monochromatic light is used in 
inspecting the thickness of the coatings The 
light source can be an ordinary daylight fluo- 
rescent light mounted in the customary bench- 
type reflector.. The element is held against a 
black background in such a way that the light 

is reflected from the outer surface of the coat- 
ing, i.e.f the surface that is not next to the 
element. As a guide, or standard, by which 
the inspector can determine the thickness and 
uniformity of the coating and hence whether 
or not it is satisfactory, he is provided with a 
set of standard samples, the thickness of the 
coating on each of which is known. The glass 
that is used in the elements making up the set 
of standard samples should have the same in- 
dex of refraction as that of the elements being 
tested. These samples are mounted in a con- 
venient frame or box in the order of increasing 
thickness, with each element marked plainly 
with the thickness of its coating. In the actual 
inspection operation, the inspector holds the 
element being inspected beside the frame con- 
taining =the- sample in such a way that light is 
reflected from both the element and the sample 
and enters the eye simultaneously. In this way, 
it is comparatively easy for the inspector to 
compare the color of the light that is reflected 
from each and thus to determine the thickness 
of the coatings 

The hardness Of a coating is determined by 
rubbing it in a standard manner and then 
studying the effect that this rubbing has had 
on the coating. A convenient method of nib- 
bing ä low-reflection film consists of giving the 
same spot of the coating a specified number of 
strokes with an eraser which is under a con- 
stant pressure at all times. This pressure can 
be obtained by mounting the eraser in a small 
hollow tube from the end of which the eraser 
projects. The amount of this projection is 
governed by a spring in the tube which presses 
against the eraser. In using the eraser, the 
operator takes care that a certain amount of it 
projects from the tube, thus making sure that 
there is a uniform pressure being exerted oil 
the coating. After the coating Ms Mgn7äbräüea 
by the eraser, its condition is observed. 

In inspecting the coating for hardness, re- 
flected light is 'used and the surfaee of the 
coating next the1 element is examined, he., the 
light rays should pass through the element, 
reflect on the surface of the coating where it 
has been injured, and then travel back through 
the element to the eye of the observer. This 
is ä form Of 'dark-field' illumination, because 
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the only light that will reach the eye of the 
observer will be that reflected by the abrasions, 
as the light that strikes any uninjured portion 
of the surface will pass through the coating 
and hence will not be reflected. This gives the 
effect of making the uninjured portions of the 
coating appear dark or unilluminated. It is 
best to move the element that is under inspec- 
tion somewhat to insure that all the scratches 
will be seen by the inspector. If the surface 
has not been affected, or contains not moi-e 
than a certain number of hair-line scratches, 
the coating is described äs 'hard' and is satis- 
factory. If there are more than the allowable 
number of hair-line scratches, the coating is 
described as ^semWiard', and if the coating has 
been removed by the rubbing, it is classed as 
'soft'. Semi-hard and soft coatings are hot 
satisfactory. 'Spatters', which take the form 
of crystal-like particles that are partly im- 
bedded in the surface of the glass are usually 
seen quite easily. Such a defect will be thicker 
than the surrounding coating, and can be iden- 
tified by scraping with a pick. 

Reflecting Films, -r- Reflecting films are 
inspected for adherence, pinholes, spavters, 
scratches, and stains. In addition, the glass 
is given the usual visual inspection for any 
flaws or defects which may have been missed 
in the inspection of the mirror in the blank 
stage, or which may have developed since that 
inspection. 

The adherence test is made by placing a 
piece of transparent cellulose tape over a por- 
tion of the surface, then pulling off the tape. 
If the coating is not damaged by this test it is 
considered satisfactory. 

Pinholes in the coating are inspected by 
using transmitted light, while scratches, spat- 
ters, and stain» are inspected by reflected light. 
The method is the same as described under 
"Facilities for Inspecting" above. Spatters 
can also be identified by scraping with a pick. 

Chemically Silvered Surfaces. — Chemi- 
calfy-deposited silvered surfaces are inspected 
to determine the quality of the silver coating 
and of the surface of the glass on which the 
silver has been deposited. The silvering is 
inspected for pinholes, scratches, and stains; 

while the glass is inspected for cracks, frac- 
tures, inclusions, striae, and surface defects. 

The usual light source consists of an ordi- 
nary bench light reflector equipped with two 
15-watt daylight fluorescent tubes. A magnifier 
is seldom used in the inspection of silvering. 

The silvered surface is inspected by using 
reflected light and a blight field, i.e., the rays 
from the inspection light are allowed to reflect 
from the silver surface and enter the eye of the 
observer, who is then able to see the reflection 
of the fluorescent tubes. Under these condi- 
tions, a stain will appear as an area somewhat 
darker than its surroundings because it "W'ilL 
not reflect as readily. Pinholes and scratches 
will also appear dark. 

On the other hand, defects in the glass are 
seen more easily by using a dark field. This is 
obtained by adjusting the reflecting surface so 
that the direct rays from the inspection lamp 
do not enter the eyes of the observer and hence 
the surface will appear dark. Under these con- 
ditions, scratches and pits will- show somewhat 
brighter than their surroundings, because they 
will tend to scatter the light so that some of it 
will enter the eye. Some defects in the glass 
surface, such as poor polish and small cracks, 
can be seen more easily after the silver coating 
has been applied. 

Filters.^In inspecting a filter, it is impor- 
tant to keep in mind the part it plays in the 
performance of the optical system of which it 
is a part. That is* its sole function is to filter 
out particular wave lengths, or groups of wave 
lengths, of the light passing through the sys- 
tem and, at the same time, not to distort or 
affect those wave lengths with which it is not 
expected to interfere.    From this, it w*ll be 
sccu Ijuiic icouirj   uiaii uic uiopccniuii vx el HiLCi 

can be divided into two parts, one of w/hich is 
concerned with its "actual filtering properties 
and the other with its physical and optical 
characteristics^ The simplest way for determin- 
ing its filtering characteristics is to compare 
it -directly with a filter which has the desired 
properties. This reference filter may consist of 
a series of graded samples which demonstrate 
successive steps of filter performance. 

r 
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In inspecting for piaysical and optical char- 
acteristics, the operator can use the same meth- 
ods that are used for any element and which 
are discussed in other parts of this chapter. 
In general, he should look for pits, scratches, 
and stains. In addition,, he should check for 
parallelism^ of the two surfaces of the filter. 
Any lack of parallelism would cause the rays 
passing through the filter to deviate. 

Reticles.—Reticles require the most critical 
visual inspection of any element. Such an in-^ 
spection is necessary because the reticle, when 
in an instrument, lies in the focal plane of the 
ej'-epiece. Being in the focal plane, any defect 
or flaw cm of within the surface of the glass is 
magnified according to the power of the eye- 
piece. 

Reticles must be clean before a satisfactory 
inspection is possible. Consequently, any for- 
eign matter that may remain after the cleaning 
process should be removed by the inspector. 
While awaiting inspection, the reticles can be 
placed in pans spaced on sheets of clean paper 
and covered with alcohol. This will reduce the 
possibility of damage or of contamination. 
When ready to inspect, the reticle is removed 
from the pan and dried carefully with cheese- 
cloth. If rouge or any sueh matter remains on 
the reticle, it can be heid in the alcoholi and 
swabbed with cotton. 

It has been found that, reticles can be in- 
spected efficiently when both natural and arti- 
ficial light are used. 

The bench, which should have a dark back-? 
ground extending upwards to about eye level 
at the rear, is placed in front of a window. 
In addition to light from the window* there is 
a bench1 light equipped with daylight fluores- 
cent tubes suspended at eye level. When an 
element is bein0", ins^e^ted- it. is. held! imme- 
diately in frönt of, and a little below, the lamp 
reflector. In this way, it can receive both 
artificial and natural light. The element is 
inspected by both transmitted and reflected 
light against the dark, background with the aid 
of a magnifier with the same or greater power 
th?m the eyepiece of the system with which the 
reticle is to be used, It is often helpful to ro- 
tate the element in the hands in order to reveal 

-imperfections more easily/ 

A pick is sometimes used to determine the 
nature of a defect, e.g., whether it is a pit, dig, 
bubble, etc., or just simply dirt. The pick 
shown on the bench in Figure 2405 consists of 
a thin pin ground to a fine point and mounted 
in a suitable handle. A defect in which the 
point of the pick can be placed is usually either 
a dig, dirt .hole, or pit. 

Most of the causes for rejecting these ele- 
ments are bubbles, chips, digs, fractures, pits, 
poor polish, scratches, stains, aitid striae. 

Visual inspection of reticles should be per^ 
formed not only before etching, i.e., on blank 
reticles, but also after etching and filling in the 
lines. (See also "Toolmaker's Microscope" at 
the end of this chapter.) 

MECHANICAL INSPECTION 
EQUIPMENT 

The material contained in this section is 
sufficient to enable the reader to identify the 
instruments described, and in most cases to 
judge the suitability of a particular device for 
a specific application. As an aid in making 
such ä determination, the accuracy of the indi- 
cation of an instrument is discussed, wherever 
possible. It must be remembered, however, 
that the precision of any instrument depends 
not only upon the theory upon which it is 
based, but also on its design and the care and 
workmanship that enters into its construction. 

Those intending to use one of these instru- 
ments, should first study the maker's catalog, 
and any instruction manual supplied with the 
instrument. 

Linear Dimensions 

Micrometers and Depth Gages.—Complete 
i*co»>i-ipi/-.n«ii» ui liiicoc iiioux uiuGULs aiiu instruc- 
tions for their use may be found in catalogs 
and textbooks. Both are used widely in check- 
ing linear dimensions in optical work; 

Two uses for a micrometer are discussed in 
Chapter 4, Rough Grinding Prisms by Hand, 
and illustrated in Figures 411 and 435. A 
depth gage and its use is discussed in Chapter 
21,Cementing Flatwork, and illustrated in Fig- 
ure 2109. 

l~L,-&CSJ&~t~;C 
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Figure 2405.^Equipment Used to Inspect Elements Such as Keticles. 

Go-^-No-Go Gages. — These gages provide 
an easy and rapid means of determining 
whether specific .dimensions* such äs diameter, 
height, length, thickness, 'volume', and width 
are within the desired tolerances. They are 
sturdy in construction, seldom have any mov- 
ing parts, and have two openings, usually side 
by side, in the same piece. The difference in 
the dimensions of the openings are such that 
nieces, within the. required tolerances .can. he 
passed through one opening and not the other. 
The accuracy at the limiting dimensions is 
comparable to that of the micrometer. Qne 
type of go^rio-go gage is shown in Figure 607 
and' is used for checking the diameter of ele- 
ments. 

Dial Gage.^-The dial gage is an instrument 
which multiples the motion of a plunger rod 
by a system of gears, so that a small movement 

of the plunger rod of, e.g., 0;00i inch., is seen 
as a movement of % (! to % inch of a pointer 
oh a dial. The dial is divided into spaces^equiv- 
alent to a movement of the plunger rod of 0|.001 
or (hOOOl inch. The accuracy is generally con- 
sidered to be equal to the smallest division of 
the dial. Probably the most important function 
of the dial gage is. to show variations which oc- 
cur in a series of measurements. Such a series 
of measurements may be1 made in. different, 
positions on a surface to check wedge angle, 
or they may be made on ä number of pieces, 
i.e., to measui'e how a number of pieces vary 
in thickness. In actual use, the dial gage is 
generally used with a fixture designed to hold 
it in position, arid arranged to accommodate 
the piece to be measured. The tip of the 
plunger rod must be such that it will make ä 
point of contact on the surface being measured. 

% - -/     - i ' „> f—flS" 'Sfts «WS*:     -•*'* >-' ~rx^. 
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Eastman Kodak Company 

Figure 2406.—Instrument Having a Dial Gage for Measuring the Center Thickness 
of a Lens Blank or a Lens. 
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Some typical applications are described later 
in this chapter. 

Fixtures for Mounting Dial Gages.—Prob- 
ably the most common fixture for mounting a 
dial gage that is used for linear measurements 
is ä flat table-like base, having an upright sup- 
port on which the gage may be moved and 
fastened at any desired height. Two such 
'table micrometers' are shown in Figure 703. 
The position of the gage is set and the dial is 
adjusted to zero when the plunger of the gage 
is in contact with a reference surface, i.e., 
either the surface of the table or of ä standard 
block of -known height. With the aid of stand- 
ard blocks, the range öf ä particular gage niay 
be increased to any desired äffiount within the 
limits of the supporting fixture. Other types 
of fixtures are shown in Figures 2406 and 
2407, 

^jT 

DIAL GAGE 

PLUNGER 
ROD 

PRISM 

'^o^^öLpCK 

Figure 2407.—V-block Fixture Used to Check the 
Centering of the icoof of a Prism. 

Another common fixture that is used for 
linear measurements is the hand dial gage.' 
sometimes called a 'snap gage', see Figure 
24Ö8. Just as with ä micrometer, an anvil is. 
the reference point for the instrument. Since 
this is a hand gage it is advisable that the> 
hands be free öf water and abrasive when it 
is being used. __ „   -—... 

Angle Blocks for Use with Dial Gages.— 
The measurement of certain prism dimensions 
is simplified by mounting the prism in an angle 
block. Such blocks can, therefore* be classed 
as inspection tools. These blocks are used to 
hold the work in a particular position for meas- 
uring, and hence care must be taken in their 
design and use to insure that the indication öf 
the dial gage will give a suitable measure of 
the desired dimension.   It is often convenient 

Figure 2408-.-^Hand Dial, or Snap Gage^ 

to place a master piece iii the angle blocks, set 
the dial gage against it,-and adjust it to read 
zero while in this position. Examples of such 
applications are shown in Figures, 2407, .2409, 
and 2410. 

In some stages of processing, prisms are 
mounted in angle blocks a% illustrated in Fig- 
ures. 409 and 412, and frequently are gaged 
without demounting. These blocks and the 
methods of gaging that are used are discussed 
in Chapter 4. Here again, the blocks can be 
classed äs inspection tools. 

Surface Curvature 

Dial-gage Ring Spherometer;—A dial-gage 
ring spheröffiete? fs frequently used to check the 
curvature öf a spherical surface. A threaded 
boss is provided around the pjuriger of the dial 
gage to hold any one of a. series öf accurately- 
machined steel, rings* see Figures 708 and 2411. 
The normal function of this instrument is to 
show any difference between the curvature of a 
reference surface and the surface being tested ,\ 
hence it is usually set tö read zero when in con- 
tact with a master or reference surface. 

-•'  f- 

3f 3^=-- 



~7 
2423 

(a) VOLUME 
.(ALTITUDE), 

(b) BASE 
(LEG) 

(c) LENGTH 

Figure 2409.—Methods in Which a DiaLGage is Employed to Obtain Various 
Linear Measurements-of a Prism.' 

DiAL GAGE 

ANGLE 
BLOCK 

k 

Figure 2410.- -AngleTblock Fixture Used to Check 
Prism Angles. 

Gages having calibrations as small as 0.0001 
inch and which have ä limited positive or neg- 
ative range are most satisfactory for optical 
work. 

While these gages are accurate to the small- 
est graduation, their overall accuracy depends 
upon factors such as regularity and cleanliness 
of the surface, and the care with which the 
,gage is applied. In general, they are much 
simpler to use than a template and are prer 
ferred when relatively unskilled labor is being 
employed. The accuracy of any gage and es- 
pecially one that is highly sensitive is eiffected 
by the presence of foreign matter, such as 
water or abrasives. To reduce the possibility 
of such material entering the gage, it should 
be mounted horizontally on ah upright support 
that is attached to a heavy base. The operator 
can then place the spherical surface against 
the ring without touching the gage. 

Dial-gage ring spherpmeters are used wide- 
ly while grinding lenses to check the progress 
of the work. (See Chapter 7 under "Grinding 
Convex Surfaces.") Another form of spherpm- 
eter employing the same principles is shown in 
Figure 2412. 

Laboratory-type Spherometer.-^-This type 
of instrument is used by the inspector but sel- 
dom, and then only to check master (lenses and 
test glasses during grinding. They are never 
used in the shop under commercial production 
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•Figure 2411.^-Dial-gage Ring Spherometer. 
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Eastman Kodak Company 

Figure 2412.—Dial-gage Type Spherometer. 
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conditions, For a detailed description of the 
scope and accui?acy of this type of instrument 
see Chapter 22. 

Radius Gage (Template). — Templates of 
brass or steel, commonly called radius gages in 
the optical industry, are used for checking 
ground lenses and lens-grinding tools. A con- 
cave gage is used on convex work. In use, 
such a radius gage is fitted over the surface to 
be tested and the 'fit' of the gage on the surface 
is observed by looking toward ä light. By this 
method, an opening of as little äs 0.0002 inch 
between the gage and the surface can be con^ 
sistently detected by the unaided eye. In using 
convex gages, which mijst be done when the 
surface is concave, the (operator must depend 
on 'feeling* how closely the gage fits the work 
since transmitted light cannot be used and,, 
consequently, the accuracy is much less than 
with concave gages; Radius gages may be 
procured in sets with their radii varying in 
steps of QL-01 inch. Mqst. large optical shops 
have at least one such set. However, the gen- 
eral practice is to make up gages of the re- 
quired radius for a given job. 

The use of radius gages is thoroughly dis- 
cussed in Chapters 7 and 8, Rough Grinding 
Lenses by Hand and Rough Grinding, Lenses 
with Autornaiic Machinery. These gages may 
be seen by referring to Figures 7Ö3,, 704, and 
709i 

Straightedge. -^ Straightedges are used to 
check plane surfaces, such äs blocks or ground 
prism blanks, blocking plates, and flat rough- 
and fine-grinding tools. They embody exactly 
the same principle as templates or radius gages, 
described above, and are capable of equal or 
greater accuracy. 

Two types are in general use. The first is 
•the common ^uler^forrn snade "with: or •without 
ä beveled edge. The second is made in the 
form of a bar, which resists wear better and 
has a much longer life; 

Straightedges are commonly made of hard- 
ened steel, but a few glass straightedges', have 
been made and have proved- satisfactory. The 
application, of a straightedge is discussed in 
(Chapter 4, Rough Grinding Prisms by. Hand. 
Thechecking of a blocking plate with a straight- 
edge is shown in Figure 414. 

Angle Dimensions 

Steel Square Steel squares, also called 
try squares (see Figure 1501), are used exten- 
sively for checking 90° angles during grinding 
when accuracy requirements permit. These 
gages wear much more quickly than bar gages 
and are seldom as accurate, but they ai-e con- 
siderably cheaper. 

Bar Gage.—Bar gages (see Figure 1501) 
are used as production-inspection tools for 
checking prism angles during fine grinding. 
They are made of hardened steel in such a way 
that the bar segment may be rotated as it 
wears. These gages are made for the more 
commonly-used angles, such as 90, 60, and 45°. 
While their accuracy is somewhat dependent 
on the skill of the user*, with a little training 
they can be read with suprising accuracy, e.g., 
a prism l1/^ inches long can be measured to 
within 20 seconds. If these gages are to be 
used for vei*y accurate work, they must be 
checked frequently against a. master, such as 
a prism, to detect wear and consequent inac- 
curacy. 

Applications of a bar gage are discussed in 
Chapters 4 and 15. 

Adjustable Bar Gage.—This gage is similar 
to the bar gage mentioned above except that it 
is possible to set it to any desired angle. This 
gage has no scale and, therefore* it is necessary 
to set it to a master known to have the desired 
angle. A properly=ad justed bar gage will have 
approximately the same accuracy äs a fixed bar 
gage. 

Bevel Protractor.-^The bevel protractor, 
see Figure 1501, is often used to check the 
angle between two plane surfaces. It is con-: 
venieiit for checking the angles of prisms after 
grinding, see Chapters 4 and 15, and when ce~ 
meixtifiif öclliär "prisms, see yhaptei 21, 

Fixtures Including Dial Gages.^—Fixtures 
used for angular measurements are similar to 
those used for linear measurements. A com- 
mon type is shown in Figures 241,0 and 2413. 
It consists of a fixture having a table-like base 
similar to that discussed under linear measure- 
ments, and an angle block for positioning the 
prism. The angle is checked by moving the 
angle block and prism as a unit under the dial 
gage.   Cleanliness of the contacting surfaces 
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of the table, angle block, and prism is essential 
for accuracy. A truly accurate angle should 
show no variation on the dial gage. 

With the aid of special fixtures, dial gages 
can be used to measure the angle between two 
faces of a prism. Such a fixture, arranged to 
check the 90" angle of a prism is shown in 
Figure 2414. In use, & master prism is placed 
so that one face of the angle rests oh the three 
lower pins on the stage of the fixture.    Next 

Eastman Kodak Company 

Figure 2413.—Dial Gage and V-block Fixtüre for 
Measuring Dimensions and Angles of a. Prism. 

the prism is moved so that the other face that 
makes up the right angle is against the two 
pins that project horizontally underneath the 
indicator point, and the dial gage is set to read 
zero. When the dial gage has been set, any 
deviation from the zero reading that occurs 
when another prism is placed in the fixture 
will indicate whether the angle being measured 
is more of less than 90°. The amount of an- 
gular deviation can be determined from the 
reading, if the vertical distance from the cen- 
ter of the indicator point to the horizontal line 
connecting the centers of the J;wo horizontal 
pins is known. If desired"* the dial gage can be 
calibrated to read angular deviation directly. 

The fixture shown in Figure 2415 is similar 
in operation, but is arranged to measure a 45° 
angle instead of a 9Q° angle. 

Another application is illustrated in Figure 
2416. This fixture is designed to measure the 
length of an abbe prism (see Chapter 14). In 
use, the prism is placed with the bottom 90° 
face oil the stage of the fixture and the side 

DIAL ©AGE- 

SPECIAL FIXTURE 

Minnea/polis-Honeyvjell Regulator Company 

Figure 2414.=—Dial-gage Pin Fixture for Checking 
ä -90° Prism Angle. 
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Minneapolis-Honeywell Regulator Company 

Figure 2415.--Diälrgage Pin Fixture for Checking 
a 45° Prism Angle. 

against the side guide and with the end 45° 
face towards the gage. Next the prism is 
movedi along the side guide until the diagonal 
45° face touches the vertical pin in the fixture. 
The indicator point can now rest on the end 
45° face and will indicate the length of the 
prism, provided tht.- two 45° angles are correct. 

The accuracy iof the angle of ä circular 
wedge may be checked on a fixture similar to 
that shown in Figures 2406 and 2417. In Fig- 
ure 2417 three hard metal balls are cemented 
to the table of the fixture to form a support 
for the wedge, and two cylindrical pieces are 
'IHöUHtcu in SUCH ä Way äs  tö serve äs stops 
for it. The dial gage is adjusted so that the 
point öf the plunger touches the surface of the 
wedge approximately % inch from its edge; 
The maximum^ and minimum readings of the 
page are noted when a wedge is placed on the 
balls and rotated while in contact with the 
stops. A master wedge should be measured 
first, and the readings thus obtained should be 
used as a standard for measuring other wedges. 

Master Reference Pieces 

Normally, inspection instruments function 
satisfactorily, but when they are used continu- 
ally, it is advisable to calibrate them occa- 
sionally. Instruments are usually calibrated 
by observing their indications when applied to 
master reference pieces of known dimensions. 
The function of such pieces is the same as that 
of the standard blocks used in the machine 
trades, i.e., to provide a known dimension or 
angle as a reference. The shape and size of a 
reference piece varies according to the purpose 
it serves. In order to insure that such, pieces 
retain their accuracy for a long time they are 
made of a hard material that will resist wear, 
and should be kept well protected iii the tool- 
room, and used only for calibrating or checking 
purposes. Reference pieces tö be used for cal- 
ibrating caii very often be obtained from the 
instrument manufacturer. 

It is often advisable to check certain meas^ 
ur-ing instruments by noting the zero reading 
when the Instrument is fully closed, as well as 
the reading when measuring pieces öf knöwii 
dimensions. The checking of ä straightedge or 
the setting of a spher.ometer to zero is usually 
done with- ah optical flat of suitable diameter 
and precision. The accuracy of the fixed bar 
gage, and of the setting öf the bevel protractor 
and adjustable bar gages are checked by using 
a reference piece having the required angle. 

COLLIMATOR INSPECTION EQUIPMENT 

The Collimator 

A collimator whose function is to provide 
ä source of light made up öf parallel rays is an 
important component of many optical inspect 
tiön devices.   Such measurements, as the focal 
l^^V* J"«*T-.Tv      AT        t\       .IATI M        <-»•*-» W      "4-1* A        J^/\TTI tX 4*^ ^.f\        •#•%•       *».      *^»« «»**. iviigvii -\sx-  -c*   iono   ctuvi-   nie; -VAC V/XCVUHV/IL   \fx :at> t^jirioxir 

should be made in parallel light. The design 
of a collimator is based on the fact that any 
light rays, entering a symmetrical double eon- 
vex lens from a light source; placed at its focus,, 
will emerge as a beam of parallel räys. A typ- 
ical collimator is shown on the ieft-hand end of 
the lens bench in Figure 2420. In this collie 
mator., a pinhole diaphragm which is illumi- 
nated by a strong light is placed at the focus 
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Figure 2416.—Dial-gage Pin Fixture for Checking Length of Small Abbe Prisms. 3 
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Figure 2417.—Setup for Determining the Accuracy of the Angle of a Circular Wedge. 

of the objective lens of the instrument. The 
pinhole diaphragm may be replaced by a slit 
or =series of slits, or by some type of definition 
chart, if desired. 

The Autocollimator;—An autocollimator is 
used primarily to measure small angles or 
slight changes; in angles. It is arranged so 
that it is possible to obtain an image of the 
target when the parallel rays are thrown back 
through the same objective over identical or 
nearly identical paths. 

The stage of one form of autocollimator, 
shown in Figure 1529, is equipped with three 
steel balls* the plane of the upper surfaces of 
which is approximately perpendicular to the 
optical axis of the instrument. A wedge or 
piano-parallel plate can be laid with its ground 
surface on the balls and a reflection obtained 
from the polished surface. In the case of a 
wedge with two polished surfaces, for instance, 
afi image is" obtained from the reflections from 
both the top and bottom surfaces. Of course, 
the image that is reflected from the bottom: 
surface is refracted twice as it passes through 
the upper surface. This instrument is useful 
for measuring small physical angles or light 
deviations Of wedges accurately. An autocol- 
limator and some of the fixtures that can be 
used with it are shown in Figure 2418. For 
ä complete description, see discussion of the 

Perkin-Elmer instrument in Chapter 16 and 
Experimental Optics.* 

Lens Bench 

The lens bench is an instrument for meas- 
uring the focal length of ä lens, whether it be 
single ör compound. In addition it can be used 
to test many other important characteristics. 

The lens bench shown in Figures 2419 and 
2420 contains three main elements, the colli- 
rnator telescope, the nodal slide, and the ob- 
serving microscope, together with the bed on 
which they are mounted. The collimator and 
the base of the nodal slide are permanently 
mounted on the bench, while the microscope is 
mounted oh 'ways' which are attached !to the 
bench and which are accurately machined and 
aligned, and' along which the microscope may 
be moved. The bench is equipped with a grad- 
uated scale, usually placed lust.b.eneath.oiie...of 
the ways,, while the microscope is equipped 
with Lan indicator and a vernier scale so that 
its position can be determined to within 0.001 
inch. 

The collimator telescope is arranged *to ful- 
fill two functions. One is to provide a suitable 
source of light, usually of parallel rays, and the 
other is to provide ä proper target. 

* Wagner, Albert F.   Experimental Optics. pp 10, 111-: 
114   New York: John.Wiley and Sons, 1929. 
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Figure 2418.—Autocollimator Setup to Check a Right-angle Prism, 
and Fixtures Used for Various Prisms. 
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The nodal slide carries an adjustable chuck 
for mounting the lens which is under observa- 
tion. This ehUck is supported on the slide in 
such a way that it can be rotated on a vertical 
axiSj and also can be moved longitudinally in 
a pair of short ways. 

The observing microscope provides the high 
magnification that is required to observe and 
study any imajge formed by the lens being 
tested, and is provided with a suitable focusing 
adjustment. 

The optical axis of the microscope arid that 
of the collimator must be aligned accurately 
and pass through the geometrical center of the 
-chuck on the nodal slide. In addition, the ways 
ön which th»S microscope slides must be suffir 
ciently precise so that this alignment will not 
be affected by any change in its location along 
the ways. The alignment of the collimator can 
be corrected by adjusting screws which are 
provided for the purpose. 

Equivalent Focal Length.—The lens to be 
tested is mounted iii the chuck of the nodal 
slide, Using a light clamping pressure in order 
to avoid staining the lens* and the azimuth of 
the chuck is adjusted to zero. A mark with 
soft wax crayon is placed at the center of the 
surface of the tens facing the microscope* Then 
the microscope is focused on the mark and the 
chuck is oscillated with the lens through a few 
degrees of the azimuth on each side Of zero. 
This oscillation will probably cause the image 
of the crayon in the microscope to shift later- 
ally; Next, the chuik is moved longitudinally 
along its own slide*, the, microscope is refocused, 
and the chuck is oscillated again, The process 
is repeated until a positioii of the lens and 
chuck is found which will permit the image to 
remain stationary while the chuck with the 
lens is being oscillated. When this location has 
been found, the image, of the crayon mark is 
focused as sharply as ;possible and the location 
Of the microscope on the ways of the bench is 
read by means of the vernier and scale; This 
reading is often known as the 'constant' of the 
lens, bench, because it is the same for any lens 
that may be tested on it. 

The next step is. to move the microscope 
along the ways until it is focused on the image 
of the target.   (Caution: the microscope must 
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not be moved by means of its own focusing 
adjustment.) This setting should be corrected 
by oscillating the lens in the chuck, and moving 
the chuck änd microscope in their respective 
ways in the same manner that was used pre^ 
viously, until the image of the target is sta- 
tionary. When the proper position of the chuck 
and the microscope is determined, the new 
location of the microscope on its ways is read 
on the scale, again using the vernier., The dif- 
ference between this reading and the constant 
that was previously obtained is the equivalent 
focal length of the lens. 

Bask Focal Length.—^The lens to be tested 
is mounted in. the chuck of the nodal slide,: ft 
using a light clamping pressure in order to 
avoid straining the lens, and the azimuth of 
the chuck is adjusted to zero. A mark with 
soft wax crayon is placed at the center of the 
surface of the lens facing the microscope. 
Then the microscope is focused oh the mark as 
sharply äs possible and the location of the 
microscope on the ways of the bench is read 
by means of the vernier and scale; The next 
step is to move the microscope along the ways 
until it is focused on the image of the target. 
The new location of the microscope on its ways 
is read on the scale, again using the vernier. 
The difference between this reading and the 
reading previously obtained is the back focal 
length of the lens. 

Aberrations* Spherical Aberration.—-Spher- 
ical aberration can be measured by noting the 

•difference between the settings of the observ- 
ing microscope on the vernier scale when it is 
focused on the image of the target when only 
the central area of the lens being tested is used, 
and'again when the outer annular area, is used. 
In the formar-.cAse; ~tl^ _o^ is 
covered with a ring Of opaque paper or other 
suitable material. To make the latter observa- 
tion, the central area is covered with a circular 
disk of similar material. 

Chromatic Aberration.—-Chromatic aberra? 
tioh may be measured by illuminating the iihr 
age of the target with light of a known wave 
length, using a filter for the purpose, focusing 
the microscope on the image, and reading the 
position of the microscope oh the scale. The 
process is repeated with different filters.   The 

ent scale pccitions of the 
microscope will give the effect of chromatic 
abei*ration of the lens with respect to the par- 
ticular wave lengths used. 

Astigmatism.—Astigmatism can be meas- 
ui'ed by noting the difference of the settings of 
the observing microscope on the vernier scale, 
When it is focused separately on any two lines 
of the image of the target that are perpendic- 
ular to each other. 

Coma.^-When the image of a point trans- 
mitted through a lens appears comet-shaped 
when viewed through the observing, micro- 
scope, the presence of coma is indicated. 

Curvature öf Field. — The amount of the 
curvature, of the field is determined by measur- 
ing the change of focus required when first 
focusing on the image through the axial center 
of the lens, and then focusing on the image 
through the outer field of the lens. 

Distortion. -- When the image of a line 
transmitted through a lens appears curved 
when viewed through the observing micro- 
scope, the presence of distortion is indicated. 

Eccentricity.—A lens is said to be concen- 
tric when the geometrical or mechanical axis of 
the lens coincides with the optical axis. When 
a lens is concentric, there will be no percepr 
ti'bie movement of the image if the lens is 
rotated about, its geometrical axis. Conversely, 
when these two axes do not coincide, the lens 
is said to be eccentric, and the amount of ec- 
centricity is proportional to the movement of 
the image when it is rptated about its geo- 
metrical axis. 

When the optical bench is to be used! to 
measure the eccentricity of ä lens, the regulär 
chuck in the nodal slide is replaced by a special 
chuck which.„will permit .the.lens, to *be rotated 
freely on ah axis parallel to the ways of the 
bench and coincidental with the axis of the 
cölliniatör and microscope. When a lens is 
mounted in this chuck and is rotated through 
360°, the image of the intersection of the cross 
lilies will trace a circle against the target, as 
seen in the observing microscope. The radius 
of this circle i's directly proportional to the 
eccentricity of the element under observation. 
A convenient target for measuring the actual 
amount of the eccentricity consists of a group 

~TT 
»?£ -r-x~X-x~? 

•"Vi.1»--; 

*.-,>^; 



of twelve concentric circles whose centers are 
at the center of the target arid whose radii will1 

indicate a series of deviations of from 1 to 12 
minutes for the particular focal length of the 
collimator being used. 

Concentricity Testing Instruments 

Testing Single Lenses.—A testing machine, 
developed by Eastman Kodak Company, is 
shown in Figure 2421. It is used to determine 
the eccentricity of either a positive or a nega- 
tive lens, which it. does by measuring the varia-. 
tion in the distance of theöpticäl center of the 
lens from the circumference. The instrument 
itself contains three .parts, see Figure 2421— 
the collimator, the centering device, and an 
observing microscope. The collimator, shown 
on the right in the photograph,, provides a 
s<. urce of parallel light rays, which it directs, 
past the lens mounted in the centering " -vice 
in the middle of the instrument, from which 

® 

they  enter   the  objective  of  the  microscope 
shown at the left. 

The centering device contains two accurate- 
ly-aligned vertical shafts, each of which is pro- 
vided with a cup on the facing ends. Both of 
these shafts can be rotated around a common 
axis., while the upper shaft can be raised and 
latched. 

The microscop§ can be moved both verti^ 
cally and horizontally across the line of sight 
by means of micrometer adjusting screws, the 
upper wheel being used for the horizontal mo- 
tion and the lower for the vertical motion. 

•Principle of Operation.-.—The principle of 
operation iof the instrument is shown diagram- 
matically in Figure 2422. Irt this figure* "A" 
is the collimator that provides a source of par- 
allel rays. These light rays strike the edge of 
the lens, "B," and then enter the objective, "G" 
thus throwing a shadow of the edge of the lens 
oii the field of the nrcroscope as shown in "D." 
The microscope is then moved horizontally and 

** 
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Eastman Kodak Company 

Figure 2421.—Instrument for Measuring the Eccentricity of Single Lenses. 

•j*~z ^z.'x.'&rsi 



*>• i^. 

2435 i*l 

MJGSOSCOPE 
OBJECTIVE 

'{$) Top View 

^ 

RETICLE 

D 

SHADOW OF, 
EDGE  OF LENS 

LENS 

(b) Relative Position of Lens and Reticle as Seen Through Microscope. 

Figure 2422.—Eastman Kodak Company's instrument for Measuring Eccentricity. 

vertically until the shadow of the edge of the 
lens falls on the intersection of the lines of the 
reticle. 

Any eccentricity of the lens will cause this 
shadow to oscillate when the lower shaft, with 
the ilens, is rotated. The ,next.:step, therefore, is 
to determine the positions-of the two extremes, 
of travel of this shadow by rotating the lens. 
As each of these positions is founds the micro- 
scope is moved horizontally until the shadow of 
the edge of the lens falls on the intersection of 
the lines of the reticle. The micrometer scale 
reading is then obtained. Half of the differ- 
ence between these two readings is the amount 
of eccentricity, expressed in inches.    • 

Method of Operation—To use the instru- 
ment, the first step is to* select a pair of shafts, 
which have cups of the approximate size and 
curve of the lens to be tested, and mount them 
in machine.    These cups must be kept clean 

a/nd free from burrs, in order both to avoid 
.scratching the lens and taking incorrect read- 
ingsi Next the upper shaft is raised, and the 
lens is placed in the cup of the lower shaft and 
centered approximately by hand. Now the up- 
per shaft is lowered so that its cup rests on 
the upper surface of the lens and a moderate 
pressure is put upon it. This pressure will 
align the optical axis of the lens with the geo- 
metrical axis of the cups and therefore with 
the axis of rotation of the shafts. Next the 
upper shaft is raised and latched and the lens 
is ready for taking observations. 

The microscope is now lined up with the 
edge of the lens by means of the two> microm- 
eter screws and focused sharply on the edge of 
the lens. By means of the ilar«?e knurled wheel, 
the lower shaft, and with it the lens, is rotated 
in order to determine the position of the limits 
of travel of the shadow of the edge of the lens. 
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Next the microscope is moved horizontally, äs 
each of these two positio7is is found, until the 
cross lines of the reticle line up with the shad- 
ow of the edge of the lens, and a micrometer 
scale reading is obtained. These two readings 
give the extremes of displacement ef the edge 
of the leiis. From these the amount of eccen- 
tricity can be determined quite readily. 

The lens is how removed, another placed in 
the löwer cup, the upper shaft lowered and 
turned to center the lens optically, and the 
observations are repeated. It is hot necessary 
to change the shafts with their cups until a 
leiis with a different curvature is to be tested. 

It will be observed from ä study of the in- 
strument that it is not ordinarily necessary tö 
re-rfocus the microscope for each lens, and that 
the sole purpose of the upper shaft is to center 
the lens; to be tested optically oh the lower 
shaft. 

The instrument can also be used to check 
the width of the angle of bevel by sighting on 
the corners öf the bevel instead of on the edge 
of the lens. In this case, the lines of the reticle 
of the microscope are lined up with the corners 
of the bevel by using either the horizontal or 
the vertical micrometer movements. The dif- 
ference between each pair of readings will give 
either the horizontal length or the vertical 
height of the bevel at the point observed* The 
actual width of the face of the bevel and its 
angle can ,be calculated quite easily from both 
sets, of readings. 

In properly-trained hands, it is claimed that 
this instrument will give readings to within 
0.O0Ö1 inch. 

Testing and Aligning Cemented Doublets. 
^-The coiiimator aligning instrument shown in 
Figure 2123 is used to align the optical axis of 
a positive crown Tens with that of a negative 
flint lens; In using the instrument the optical] 
and the geometrical axes of thjj flint lens should 
coincide. 

The fixture contains an observing telescope* 
sometimes of the elbow type for operating con- 
venience, equipped with a reticle) ä horizontal 
universal-type chuck, and a collimatpr tube 
equipped with an electric light bulb and a sec- 
ond reticle which is etched with cross lines. 

When the reticle in the observing telescope is 
etched with cross lines, this instrument is used 
purely as an aligning fixture. However, if a 
reticle etched with a series of concentric circles 
whose radii will indicate a series of deviations 
of I minute each, is mounted in the observing 
telescope, then this fixture may be used both 
for alignment and for measuring the amount 
of eccentMcity. 

To perform the aligning and checking operr 
ations, the doublet,, flint down, is held oy the 
flint in the threerjawed chuck which is ar- 
ranged so that the chuck with the lens can be 
rotated about its geometrical center. The chuck, 
holding the flint and with the crown lens rest- 
ing on top, is slowly rotated by hand while the 
crown is moved to different positions on the 
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Figure 2423.—Coiiimator Aligning Instrument for 
Aligning and Checking Optical Axes 

of Cemented Lenses. 
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flint until there is no noticeable movement be- 
tween the cross hairs on the reticle in the collie 
mator and the center of the reticle in the 
observing telescope. When this condition has 
been reached, the optical axis of the crown will 
coincide with the geometrical and, therefore, 
with the optical axis of the flint. 

However, in testing for concentricity,, the 
amount of movement between the cross lines in 
the collimator and the center of the concentric 
circles in the observing telescope, must fail 
within specified tolerances. This is determined 
by rotating the chuck through 360° Which will 
cause the image of the intersection of the cross 
lines in the collimator to trace a circle against 
the concentric circles iii the observing teje* 
scope. 

See, also, Figures 2011 and 2012 which 
show a similar type of fixture; 

The- Spectrometer 

This instrument, shown in Figure 2424*. is 
used to measure the angles between any two 
faces of a prism or wedge. It does this by 
measuring the angle through which a beam of 
light is deflected when it is reflected from a 
surface of an element. 

The instrument contains a stage at the cen- 
ter of the device which can be raised or lowered, 
a. coÜlimatöE- and ä viewing telescope. The lat- 
ter two are arranged radially to the center of 
the instrument arid their optical axes intersect 
at the vertical .axis of the ihstrum—- Both. 
the collimator and the viewing telescope eaa 
be rotated around this vertical axis, and their 
actual angular positions can be read by means 
of a vernier on a circulatf scale (not shown in 
Figure" 2424-) to within a few seconds, in the 
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Figure 2424.—A Spectrometer Used- tö Measure the Angle Between any Two Paces 
of a Prism or Wedge. 
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case of a very accurate instrument. The colli- 
matör is usually fitted with ä graduated reticle 
arid the viewing telescope is provided with cross 
hairs. The prism to be observed is placed on 
the stage against an;adjustable stop, with which 
the stage is equipped, in order to locate it 
definitely. (No stop is shown in Figure 2424 
because ho stop is necessaiy when, testing a 
penta prism.) The telescope and collimator 
are rotated around the axis of the instrument 
until the cross lines of the target are aligned 
with those of the telescope. The desired angle 
can then be determined by reading the loca- 
tions öf the viewing telescope and the collie 
mator oh the graduated circular scale on the 
instrument. 

When it is -desired* to compare several prisms 
with a master, it is sometimes more convenient 
to set the master on the stage against the 
stop and line up the collimator aiid_ viewing 
telescope until the cross hairs of the viewing 
telescope coincide with the central line of the 
reticle in the collimator. When this has been 
done, the angular displacement of the viewing 
telescope and the collimator will be the same as 
the angle of the prism that is being measured. 
When a second prism is placed on the stage, 
any difference in the .angle between its face$ 
will be seen in the viewing telescope, because 
the cross hairs will no longer coincide with the 
central line of the reticle. When the spectrom- 
eter is to be used iii this way it heed not be 
equipped with the graduated circular scale. 
Where accuracies of a higher degree are re- 
quired, it is necessary to correct the readings 
for differences in the glass of the prism, the 
temperature of the room, and other variables. 

The Goniometer 

The goniometer (See Figure 15i# is an 
instruments or measuring prism angles. It con- 
tains ah autocpllimäting telescope, a stage on 
which are mounted three balls* and a circular 
scale with a vernier mounted in a vertical 
plane. 

In using the goniometer, the stage is leveled; 
Then a .master prism, usually a 45 or ,90° 
prism, is placed on the balls of the stage, and 
the äutocollimator is rotated until the center 
of the beam which is reflected from the front 

surface of the prism coincides with the (inter- 
section of the cross lines of the äutocollimator 
reticle. The vernier is then set to read the 
angle corresponding to the master prism. 

The prism to be tested is substituted for the 
master prism. The cross line in the collimator 
is then, brought into coincidence with the bear a 
reflected from the frönt surface of the prism, 
and a reading is taken from the vernier. This 
reading indicates the difference in angle be-r 
tween the master prism and the prism under 
test. 

Pyramidalrerror Detecting instrument 

To detect any (pyramidal error of porro, 
dove, ahd 90° prisms, i.e., the sideward shift 
produced when the intersection of the short 
sides of the prism is not parallel to the long 
side, or hypotenuse, of the prism,, it is only 
necessary to use a collimator and a telescope 
fitted with a reticle etched with a series of 
equaliy^spaced vertical lines and placed with 
objectives toward each other, as shown in Figr 
tire 2425. The telescope and collimator are 
focused for infinity and adjusted so that the 
single vertical line or slit of the collimator 
coincides with the central or zero line oh the 
reticle of the telescope.. The prism to be tested 
is placed with the hypotenuse down, directly 
between the collimator and telescope* and at 
such a height that light from the collimator 
enters one short side of the prism, reflects in- 
ternally from the hypotenuse side, arid emerges 
from the other short side, to enter the telescope. 

When the prism is placed in position as 
described above, the image of the vertical line 
of the collimator will be shifted to/th«> right or 
to the left oh the reticle of the telescope* if 4ny 
pyramidal error exists. It should be under- 
stood that, while the angular shift that is 6i>- 
served in this instrument is proportional to 
the pyramidal error, it is only about 30 per 
cent öf its true value, the actual ratio depends 
irig on the index of refraction of the glass* 
This difference is because the light, does hot 
follow the same path in passing through the 
prism when it is mounted in the testing instru-; 
ment that it does when it is assembled in the 
instrument for which it is designed. However, 
the displacement is in the same direction so 
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Figure 2425;-^-Ihstrviment..for Detecting Pyramidal Error of a Prism. 
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that the operator will know at once in which 
direction tö 'work' the prism to correct it. 
This instrument does not give very accurate 
indications of the actual value of the pyramidal 
error and should not' he used for such deter^ 
minations. 

Parallelism Instrument 

This instrument is used to measure the 
parallelism of the surfaces of filters, reticles, 
or any other flat pieces of glass. It contains 
a telescope equipped with a target reticle grad- 
uated in minutes, a level stage, ai\d a tube in 
which is mounted a reticle etched with a pair 
of cross lines. When observed through the 
telescope, the intersection of these cross lines 
must CQiTicide with the center of the graduated 
reticle. 

in Figure 2426 an elbow telescope is used. 
The instrument is illuminated with an, electric 
light bulb, placed below the tube. The glass to 
be tested is placed on the stage, if the surfaces 
of the glass are perfectly parallel*, there will be 
no displacement of the cross lines when viewed 
through the telescope, but if they are not par- 
allel, thus forming a slight wedge, the light 
rays will be refracted, and their deviation of 

light can be measured by the displacement of 
-the'-cross lines against the graduated reticle in 
the telescope. 

Functional Collimator Fixtures 

The M3 binocular reticle-inspection fixture 
shown in Figure 2427 offers an excellent ex- 
ample of a functional testing fixture. The 
main portion of the instrument is half of the 
body of a standard M3 binocular, with the body 
cover omitted and the assembly altered to re- 
ceive a slide carrier, which has a hole that 
allows light to pass through the system. This 
slide, which can be moved horizontally in the 
focal plane of the assembled ocular, has several 
reees&ed holes to hold the reticles being iiir 
annnfa/^1 
^t"-          __  ,i(J   IIVWU   W   U   VUMV     TT'IUVIL 

in turn is mounted oh a !heavy metal base. 
Enclosed m the base is a light which illumi- 
nates the system through a icondenser lens. 

SPECIAL INSPECTION EQUIPMENT 

Reference Surf aces. —=- Reference surfaces 
are treated in Chapter 22, Optical Flats and 
Test Glasses, together with a thorough discus- 
sion of the techniques applicable to their use, 

pre, 

- • £ • 
I    ~ - ^^ •*$%&**£*• 

-JiC ''A"*Z ^jäfTSTJäff!!'*..'"** * 



L~|?;= 

2440 
f; 

Figure 2426.—Instrument for Cheeking Bärällelism of 
Filters, Reticles, and Other Flat Pieces of Glass. 

methods of testing them for accuracy, and an 
explanation öf some of their optical properties. 

Star Test.—The" early designers and makers 
of telescope lenses used the stars for testing 
the image quality of lenses, hence the 'star 
test'. The results of these tests form,the back- 
ground of the design, manufacture, arid" test 
equipment now in use. Due to the inconveniT 
ence and loss of time in using the stars, the 
artificial star method was developed for the 
laborätoi-y and work shop. See Figures 2419 
and 2420-. For practical shop use, and as an 
aid to production* a star test can be set up 
quickly and economically as, shown in Figure 
2428.   For interpretations of star-test images 

see Amateur Telescope Making* and Prism and 
L<ms Making,** pages 92-96. 

Interferometer.—Probably the most useful 
instruments ever designed for thu testing of 
precision optical elements are the Twyman and 
Green types of interferometers which are in 
common use by Adam Hiiger Ltd. London, 
England. Twyman has given descriptions of 
several, of the interferometers used by Hiiger 
for testing various types of optical elements. 
See Prism and Lens. Making,** pages 119-3.25. 
The interferometer is also discussed in Experi- 
mental Optics .*** 

Two precautions with regard to setting iup 
the instruments, mentioned above should be 
ta'keir, in addition to the liesessary high optical 
quality of the dividing plate and end mirrors. 
The piiihole should not. subtend an angular 
diameter much in excess of 100 seconds of arc 
at the cöllimator objective, and the mercury 
arc should be of a low-pressure type so that 
the spectral lines, are fairly narrow. Both of 
these factors have a pronounced effect on the 
visibility of the bands. 

The Mergenthaler Linotype Company's 
adaptation of the ihterferömetei% as built at 
Fränkford Arsenal', is shown in Figure 2429; 

Fixture for Testing Definition and Resolv- 
ing Power of Various Elements.—This, fixture 
consists of & suitable illuminated wäll target, 
e.g., see Figures 1508 and 1509, and a suitable 
telescope mounted on ah adjustable base, e.g!h 

see Figure 1506. Telescopes of various powers 
are required, since various magnifications are 
specified on the drawings1* To test the defini- 
tion of filters, reticles, windows, mirror blanks, 
:and doy§ prisms, the viewing telescope is set 
at 180° to the wall target and focused on the. 
pattern. The filter or reticle is placed in front 
of the telescope objective and the image is 
viewed through the telescope.. 

*    tngalls, Albert G.,,Editor. Amateur Telescope Making. 
(Reprinted from articles in "Scientific American.'",) 
4th edition. pp. 428^436.    New York:    Munn and 
Company, 1989. 

** Twyman, F.     Prism, and Lens Making.     London: 
Adam Hiiger Limited; 1942. 

***W;agner, Albert F. Experimental Optics, pp. 83-87, 
17-M.73.   New York:   John Wiley and Sons, 1929. 0 
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Figure 2428.—Setup for Making a Star 'fest. 

Tö test the definition of abbe prisms, rhom- 
boid prisms, lemän prismsj etc., the telescope 
is set as= above, the prism is placed in front of 
the objective of the telescope, and the target 
is viewed through the telescope. 

The procedure for inspecting 90° prisms, 
penta prisms, amici prisms, and porro prisms 
is exactly the same except that the image is 
viewed with the telescope set at 90° to the 
target, the telescope being set up with the aid 
of ä master peiita prism.    (See Figure 1507.) 

Toplmaker's Microscope,—This microscope, 
shown in Figure 2430, is used to measure the 

centralization of the pattern with respect to 
the geometric axis of graduated reticles, the 
thickness and spacing of lines, the size of 
bevels, and for many other purposes. It has 
a movable stage with horizontal travel in two 
directions, one lateral and the other longitu^ 
dinal, with micrometer adjustments tö 0:ö0öl 
räch. For angular measurements the eyepiece 
is equipped with cross lines and has a vernier 
scale reading to 1 minute. The center of the 
stage is ä glass piate* under which is mounted 
a light. 

Figure 2429.—Interferometer for Testing Various Optical Elements. 
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Materials referred to throughout the text 
of this manual are treated variously iii this 
chapter. Where it seems advisable, as in the 
ease of grinding abrasives, polishing abrasives, 
and blocking materials, for example, points 
relevant to a proper understanding of the mate- 
rials are discussed at some length. Where the 
use of materials noted is easily understood, as 
hi the case of many chemical reagent" for ex- 
ample, the materials are simply listed together 
with an indication of what grade should be 
used and, in some cases, the form that is neces-r 
ooij  Ax»- cii<c v"»pcci icir'prreu. to. 

In several cases tables have heeh prepared 
for the purpose öf making considerable infor= 
matipn. available at a glance. In the table of 
loose grinding, abrasives, Figure 2501, the 
products of several niajor manufacturers are 
listed in such a way thai the type of abrasive 
material and the approximate average particle 
size of each—rboth iii, microns äüd decimals of 
an. inch^-are shöwfi, In Figure 12504 formulas 
for various blocking waxes used at Fränkford 
Arsenal are given. The control of polishing 
pitch hardness is an important factor iii the 
processing of any optical element. In Figure 
2505 attd related text, a method of controlling 
polishing pitches is set forth. 

GRINDING A]8RA§iY"ES 

Loose Grinding Abrasives^^rThe twoMate- 
rials that are inost widely used for grinding 
optical glass are alumimim ox-Me (Ai203)»,ahd 
silicon carbide (SiC)-. »One company isi also- 
now making fine abrasives frolft. domestic gar- 
nets. The exact composition of the garnets is 
variable, but it is known to 'be a mixture of 
calcium, iron, magnesium, and aluminum) sili- 
cates, in addition, some silicon dioxide (SiÖ2)- 
is used, but the total amount is very small; 

Two types of aluminum oxide are used in 
great volume for grinding glass. The sfirst is 
a synthetic or fused aluminum oxide wihich is 
produced by fusing bauxite (hydrated alumi- 
num oxide) in the presence of coke and iron in 
an electric furnace. The second type of alumi- 
num oxide is natural corundum. This material 
is mined in South Africa and, because of crys- 

tal habit, has until recently always been pre- 
ferred for the prod action of optical finishing 
powders. 

It should be noted that 'corundum* and 
'carborundum.' are entirely different words. 
In general usage, the word 'carborundum' is 
often used synonomously with silicon carbide; 
However, the word 'carborundum*, when cap- 
italized, is a trade-mark name used for siiicpn- 
carbide abrasives manufactured by the Gar-? 
borundum Company. 

In Figure 250>1 it will be noted that loose 
grinding abrasives are divided into three clas- 
sificätions-^Coarse, medium, and fliie^—which 
are determined by the approximate average 
iparticle size;   The procedure for determining 
particle sizes down to approximately 0.0009 
inch ai?e given iii National Bureau of Standards 
Bulletin #118.*   Smaller sizes, from approxi- 
mately 0.0009 to 0,0002 inch, are determined 
by microscopic measurement. Abrasives in the 
coarse &nd medium classifications in Figure 
2501 are those used lor rough grinding, those 
in the fine classification are those used for fine 
grinding.   Nomenclature of grliiuing.abrasives, 
as sdld by various manufacturers, is hot stand- 
ardized.   However, in. Figure 2501 a scheme of 
standardization based upon abrasive material 
>ä ad particle size, and covering most grinding 
abrasives in general use is presented.   In this 
figure the different abrasives are arranged so 
that the one with the largest particles is at the 
top; and those composed of 'successively smaller 
particles are listed in sequence to the bottom. 
The particle size of each separate-type of mate- 
rial is listed in the same column both above and 
below the name of the mater-i&L   Since coarse 
abrasives, 60 to 220 grit size, may be secured 
from  almost any abrasive manufacturer by 
specifying Täe desired material and grit size1, 
they are not broken down under the names of 
the manufacturer.   In the case of medium and 
fine abrasives, however, a breakdown is desir- 
able because each size and mate 
a different designation by each manufacturer, 
and in at least one case, the same manufacturer 

-   i 

1-iiF 

-    <; 

*ILS. Dept. öf Commerce. National Bureau of Stand- 
ards Bulletin, #118. Washington: 'U.S. Government 
Printing Office, (latest issue). For sale by the Super- 
intendent of Documents, Washington, D.C. e 
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s^ TABLE OP LOOSE GRINDING ABRASIVES 
kink" l'APPROXIMÄf E AVERAGE.'! 

SIVE  1            PARTICLE SIZE 
MANUPACTURER'S DESIGUATiOH 

^CHEST-   MRJRpBi; -   ' 

1 coarse abrasive grit sizes 
e standardised by ühe U.  S. 
partment of Cbmaiei-ee, ftaticmal 
ireau of Standards   (Simplified 
acti.ee Reconmendatiön No. 1!18). 

railable from almost any 
>rasive manufacturer. 
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has two different designations for the same 
type aiid size abrasive. Consequently, to the 
right of the columns showing the medmift and 
fine abrasive types and sizes is a column for 
each abrasive manufacturer,, in which is listed 
the trade name of each abrasive. Due to this 
arrangement, abrasives of the same material 
and the same particle size are listed together 
with the variant trade appellations of the :man- 
ufaeturers from whom they may be obtained. 

The procedure for making coarse abrasives 
of approximately 60 to 22Ö grit size from any 
of the -materials listed is the same, The abra- 
sive is crushed, and is then graded by means of 
cloth or wire sieves of standard sizes. 

All fine abrasives, having 'a particle size of 
approximately 0:00075 inch or less, are proc- 
essed by grinding in ball mills and sedimentär 
tioh in water. 

Medium abrasives, having ä particle size of 
.appröxima ßy 0,00197 to- Ö;0007-9 ine1', are 
made by loth of the methods described above. 

In addition to particle size, other factors 
such as hardness, particle shape, and impuri- 
ties affect the properties of an abrasive. Iri 
•general*, slivers or platerlike particles, are to be 
avoided in fine abrasives; This is one reason 
that ball mills rather than crushers are used 
for grinding fine abrasives. The former pro- 
mote compact particles which are desirable. 
The latter produce many slivers which, are 
undesirable. 

Many abrasives are reclaimed from optical 
grinding processes., Such materials usually con- 
tain from 10 to 30 =per cent of glass and vary- 
ing per cents of iron, pitches, and waxes. It is 
advisable to keep the iröh and pitch contents 
as low as possible, but a reasonable amount of 
glass does not seem 'harmful. In fact, it is; 
claimed that a smoother finergrindjng job is 
•obtained if the suspension is kept (alkaline* and 
this condition is nearly always met when there 
is a lot of fmelyrdivided glass in the abrasive. 
it has been claimed that the addition of other 
products to finishing abrasive suspensions aid 
in producing smoother finer-ground surfaces. 
Some materials used for this purpose are talc* 
lampblack, glycerine* alcohol, and soaps, but 
none of them are widely used. 

Silicon carbide grinds somewhat faster than 
aluminum oxide, but due to its harder nature, 
it will invariably produce a rougher surface 
than aluminum oxide of the same particle size. 
Therefore, although it has gained much favor 
in rough grinding, it is never used for fine 
grinding of precision optical glass. 

Brush Surface Analyzer. — Figure 2502 
shows graphs of surfaces produced by milling 
glass with diamond-impregnated or silicoh^car- 
bide abrasive wheels, and by grinding glass 
with various types of abrasives. These graphs 
were made on a Brush surface analyzer which 
operates by dragging ä sapphire needle over 
ths surface to be tested. The irregularities of 
•the surface are electrically amplified and re- 
corded by a needie on a moving graph paper. 

Levigated Alumina;—Levigated alumina is 
a very finely-divided aluminum oxide averag- 
ing about 2 microns in particle size. It has 
been fouM useful at Frankfofd Arsenal as an 
aid in honing tools used to cut silver films on 
ocular prisms. (See Chapter 18.) It may be 
obtained from Norton Company, Worcester, 

COOLANTS 

Coolants can be divided into two classes, 
namely j water and soluble oils. In general, 
the cooling effect depends more on the volume 
of coolant that is used than on the pressure 
under which it is applied. It is necessary, very 
Often, to dilute a soluble oil as furnished by the 
manufacturer, the amount of dilution varying 
with the make and the purpose for which it is 
to be used. A few soluble oils are listed in the 
table given in Figure 2503, together with some 
dilutions that are effective when used with 
various maenmes. ~      - - 

POLISHING ABRASIVES 

The function of the polishing materials in 
the polishing operation is to change the glass 
surface from an irregular aggregate of lulls and 
valleys to a smooth surface without scratches 
or stains, in use, the polishing material is 
usually mixed with water to form a paste and 
is applied as discussed in Chapters 11, 12, and 
22.   While the exact manner that the glass 

jlV 

o 



2505 

*-*- 

(f 

fi*«t 

- är •" 

—> 



25S& 

TABLE <ÖF SOLUBLE OILS ÜSEÖ WITH COOLANTS 
. £-31r iv~ 

NAME 

DILUTION RATIO 

COMPANY SAW •SURFACE 
GRINDER 

CYLIND: 
GRIMSER 

CUItVE 
GENER- 

ATOR 

Atlantic Refining Conipany SoluBleOil 

P. Cr Cooper Company D;C. Soluble-Oil, or, 
D. C. Liquid Gutting Compound 

7-l 

Diversey Corporation Diversey Gdtting and 
Grinding Compound i 

30,0-1 

E. F. Houghton and Company Hocut #60 200-1 20-1 80-1 

Pefmasöl 204 

International Chemical 
Company 

International Compound piSS M-i. 200-1 20-1 80-1 

Quaker Chemical Company Quaker Cut #101 20-1 •2Ö0-1 20-1 80-1 

Standard Oil Company SolubleOil > 

D. A.Stuart Company Codal . 
Sun Oil Company SolubleOil i 

Figure 250b. 

surface is smoothed by the polishing material 
is not completely known, some facts that have 
been established fairly well are, firsty that an 
appreciable amount of material is removed dur-^ 
ing the process and, second, that the perform- 
ance of the abrasive is effected by the, acidity 
or alkalinity of the paste, as well as by certain 
types of dissolved electrolytes iii the paste. 
Although some rouge pastes will polish satis- 
factorily with a pH-value that ranges from 3 
to 8, others must be kept between 3 and 5. 
Staining is almost certain to occur if the PHT 

value falls below 3 or rises above 8. Although 
any soluble acid can be used to adjust the PH- 
value, citric and acetic acids seem to give the 
iest jLeaults. Usually stain appears as a thin 
colored film, but. sometimes it is so slight that 
its only effect will be to cause the fringes when 
examined with a test glass to appear fuzzy or 
wavy. Without close examination, this latter 
indication can be interpreted erroneously as an 
indication of a badly-scratched surface* 

Choice of Polishing Abrasives.—In select- 
ing ä polishing abrasive it must be remembered 

"that the purpose is to produce a satisfactory 

surface on the glass in the shortest time. While 
some may give good results on some types of 
glass, it may be necessary only to change ma- 
chine adjustments or some working conditions 
to secure equally-acceptable results with others. 
In general, therefore, the simplest and most 
effective method for testing the effectiveness 
of polishing abrasives is to observe their per- 
formance in the shop in which they are to be 
used. 

Ferric Oxide.—While rouge should have as 
few impurities as practicable,, it is the particle 
size of the insoluble impurities such as silica 
or aluminum oxide that causes the rouge to 
scratch the glass. That is, a rouge that con- 
tains 5 per cent of silica in small particles will 
not scratch as much as one which contains. 
0.5 per cent of silica in large particles. 

Rare Earths.-—Because of the development 
of polishing abrasives containing cerium oxide 
and other rare earths, the use of ferric oxide 
as a polishing abrasive is becoming somewhat 
less important. 

Cerium Oxide.—JFhis material, in the form 
of eerie oxide, is used by some operators,.  When 

'X, 
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it is used properly with higher polishing-rma- 
ehine speeds and pressures, it often polishes 
about 50 per cent faster than ferric oxide. One 
grade can be obtained froir* Lindsay Light and 
Chemical Company, Chicago. Illinois. 

Bamesite.—^This abrasive, as made by W.F. 
& John Barnes Company, Rockford, Illinois, is 
a mixture of cerium oxide and several other 
different elements, and has a specific gravity 
of from 5LS to 5.4. It differs from ferric oxide 
in that it has a „H-value of from 7 to* 8 in the 
'slurry' which rises to 11 during polishing, and 
a particle size of from 14 to 20 microns which 
breaks down to from 1 to 2 microns during the 
polishing operation. When used properly, it will 
reduce the polishing time about 50' per cent, 

BLOCKING MATERIALS 

Plaster of Paris»-^-See Chapter 9* Blocking 
Flatworki 

Blocking Adhesives. ^-Various adhesive 
waxes are used to hold optical elements to each 
other or to a blocking fixture during the differ^ 
ent processing operations. With the exception 
of plaster of paris, which is not a wax and 
which is discussed earlier in the text as noted 
above* these waxes are all thermoplastic and 
may be divided into three classes* see Figure 
2504. 

One class includes those waxes which are 
used to hold elements7 very close to the block on 
which they are to be mounted and. the surface 
of which is complementary iq, the block itself. 
This "class of adhesives is used'in comparatively 
thm fiihiSi Another class consists of adhesives 
that are used in slightly heavier films up to 
about %6-irtch thick. A third class is used to 
hold glass at some distance from the surface 
4o which it- is attached? e-g.-T for blocking lenses 
for grinding and polishing. This last class, 
which must be very rigid so that the elements 
will not move during processing, are often 
called sealing waxes. They consist of a mix- 
ture of rosin or cariiauba wax, a, filler such as 
clay, and an adhesive such as shellac,, petro- 
leum, or coal tar asphalt. 

Formulas for various class 1* class 2 and 
centering adhesives which can be made in any 
optical shop are given in Figure 2504. 

Class 3 and centering waxes can be pur- 
chased in the open market from the sources 
indicated. 

POLISHING PITCHES 

The function of the polishing pitch is one 
of the most important factors connected with 
polishing. Itmust be soft enough so that it will 
not seatch the glass and, at the same time, 
must provide a surface that is firm enough to 
polish the glass to the desired curve or flatness. 
Polishing pitch must have the important prop- 
erty of being ahle to 'flow' within the range of 
polishing temperatuies, approximately 60 to 
140 °F„ without sacrificing its quality of firm- 
ness. This flow, which affects the curvature of 
the surface of the polishing pitch on the polish- 
ing tool, is under the control of the operator at 
all times, and the skilled worker depends on 
this property to a very large extent to secure 
the surface that is desired. 

Polishing pitches are made from mixtures 
of two general types of raw pitches known as 
'resinous' arid 'äsphältie'. The resinous pitches 
come from the Norway spruce and other ever- 
greens, and ränge from about the hardness of 
rosin down to much softer materials. Such 
pitches are frequently called 'Swedish', 'Nor- 
wegian',, or 'Burgandy' pitches, although all 
now come from domestic sources. The asphal- 
tic pitches are mainly derived from petroleum 
refining processes. 

Both resinous and asphaltic pitches can be 
obtained in a wide range of degrees of hardness, 
so that by mixing them carefully a .polishing 
pitch can be made with any desired hardness, 
tn addition, to the two principal ingredients, 
some operators use some proportion of other 
materials* sugh äs beeswax* päräifih, ~ cerelifi 
wax, pine tar, coal tar pitch* beechwood pitch,, 
wood flour, arid fibre. 

No specific formulas for making polishing 
pitch are given because such a Wide range of 
usage is' necessary, and because each formula 
must be adjusted to local shop conditions, the 
kind and precision of surface that is desired, 
and the operating procedures that are used by 
the worker. 
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Method of Standardising Polishing Pitches. 
—A successful method of standardizing polish- 
ing pitches has been developed at Frankford 
Arsenal. This method employs a modification 
of the McBürney Indentation Tester,* used for 
determining the hardness of asphalt tile. The 
modification consists of replacing the 30rpound 
weight and Vi-iuch ball with a 6%-pound 
weight and a Mnch b^ll. This modification is 
necessary because polishing .pitches are consid^ 
erafoly softer than asphalt üie fööWever it is 
necessary, at times, to use a smaller ball with 
the harder polishing pitches. The hardness is 
measured by observing the rate of penetration 
of the ball into a sample of pitch. Tha instru- 
ment is illustrated in Figure 2505. 

In using the instrument, the sample is pre- 
pared in the form of a cast circular disk, with 
a convenient diameter and,a thickness of 1 inch, 
resting on a circular aluminum plate.   The 
thickness  should be kept Within  ±M.6  inch, 
because a greater variation affects the indica- 
tions of the instrument.   To obtain dependable 
results, the sample and the instrument should 
be immersed up to the water line, see Fig- 
ure 2505, in a thermostatically-controlled water 
bath at 26SC. for from 3 to 12 hours or longer. 
To make the test, the sample disk is placed 
on the stage of the instrument Which is then 
raised until the upper surface of the sample is 
within 0.002 to 0.003 inch of the bottom of the 
ball, -when it is clamped in position.   Next the 
hand wheel is turned clockwise through one 
turn until the ball rests on the sample.   After 
this, the dial gage is set to zero, the hand wheel 
is turhedtwo or three more turns which allows 
the full weight of the plunger arid ball to rest 
on the sample, and the time is noted, usually 
with a stop watch.   Indentation readings, as 
shown on the dial gage, are recorded every 15 
seconds for 5 minutes, except in the case of 
very hard or very soft pitches, when it may be 
advisable to change the time interval.   Usually 
the amount of indentation at the end of 3 min- 

2509 

utes is used as the indication of the hardness 
of the pitch being tested. The table in Figure 
2506 gives typical results obtained from testing 
samples of pitch used for various purposes, 
and also results of a soft and a hard pitch as 
l-eceived from the manufacturer. 

Another characteristic of ä pitch mixture is 
its tendency to become harder when it is re?- 
heated. The amount of this hardening can be 
determined by re-heatihg a mixture and testing 
it again. 

?- 
^- A ^^Jt.^-4 

i; 

*McBurney, J. S. Indentation of Asphalt Tile. A.S.T.M. 
Proceedings, vol. 34„ part II, pp. 59L-606. 1934 

Figure 2505.-—Modified McBurney Indentation Tester 
Used for Measuring Hardness of Polishing Pitch. 
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PROTECTIVE COATING MÄTERIALS- 

In processing an optical element, it is fre- 
quently necessary to apply a coating to protect 
a finished polished surface from abrasives, 
rouges, ahd^bther materials that are being used 
to process other surfaces. Such protective coat- 
ings should be easy to apply and tö remove, 
and they must adhere to, protect, and' not in- 
jure the polished glass surface. Fast-drying 
substances are desirable for all production 
work. 

Shellac dissolved in. ethyl alcohol adheres to 
a polished glass surface better than any other 
material and is used niost frequently, but lac- 
quers based on nitrocellulose* eellulcse, acetate, 
vinylites, and furfural resins ate sometimes 
used.   AH these coatings will dry in about 15 
Minutes.    Bitumen paints based on asphalt 
adhere very well* but take a long time to dry 
and, in addition, they usually contain consider- 
able abrasive filler which may harm the glass 
surface if great care is not observed during 
cleaning;   Ordinary oil paints and enamels re- 
quire too long to dry, and ars therefore seldom 
used.   Elements imbedded in plaster blocks are 
difficult to protect because of the tendency of 
water to seep betveen the coating and the 
glass, and thus cause stains that are hard to 
remove.   While shellac adheres very closely to 
the glass, it is not impervious to water.   For 
this reason many operators apply a coat of 
lacquer or ceresih wax on top of the shellac to 
seal it against water.   In some cases, molten 
waxes may be used alone to protect a surfar?, 
but in many instances they are hot sufficiently 
tough, while in other cases they may weaken 
the hold of the plaster. 

Ä~"rast-arying iDiacic racquer "Wiui ,wiue« 
Frankford Arsenal has had considerable suc- 
cess in protecting „prisms of barium crown 
glass from staining, has the following formula: 

Polystyrene (trade name 'Laplin') 
(Catalin Cprpi? N.Y.) 30 grams 

Flexalyn (Hercules Powder Co.* 
Wilmington, Del.) 60 grams 

Lampblack 20 grams 

Benzol approximately 300 grams 

The lacquer can be made by dissolving the 
polystyrene in benzol, and then placing all of 
the ingredients m a bail mill and grinding for 
12 hours.; or by grinding the lampblack into 
hot flexalyn and then dissolving in some of the 
benzol, dissolving the polystyrene in twice its 
weight of benzol,, and then mixing both solu- 
tions and adding the remaining benzol. Thi& 
lacquer seems to give better results when ap- 
plied in two thin coats, rather than in one 
thick coät. 

For dry polished surfaces that are not to 
come into contact with water,, nitrocellulose 
lacquers give good results and may be easily 
removed by soaking in water. Special types 
Of transparent cellulose tape, usually with cloth 
backings, have also been used successfully for 
protecting dry polished glass surfaces. 

A cliear lacquer* called 'Zappn Cptite*, is 
made by the Zapon Division of the Atlas Pow- 
der Co., Stamford, Conn. A black lacquer 
called 'Duco &246>-3312-^pft!merdal grade', is 
made by the E.I. Düpont de Nemours Co., of 
Wilmington, Del. 

OPTICAL CEMENTS 

In the manufacture of optical elements, it 
is. often advantageous to cement together two 
or more elements with complementary surfaces. 
The reasons for this are indicated in Chapter 
20. The characteristics of different types of 
cements used for this purpose are discussed 
below. 

Certain qualities are requisite in any opti- 
cal cement. It must adhere firmly to the pol- 
ished glass surfaces, be substantially clear and 
free of color and solid particles, and have a 
refractive index close to that of one of the 
glasses to he ceroehted. It must'be stable to 
light, water, aiia to the 'highest and lowest tem- 
peratures to which the instruments in which 
the elements are placed are to be subjected. 
It should be easy to apply, and must be suffi- 
ciently cohesive to uijjte the elements firmly, 
It must usually be safely removable so that, 
in case of scratching, chipping, or other dam- 
age to one element, the combination ihay' be 
decemented and repaired. _ 

Canada Balsam. — Until recently Canada 
balsam was the only optical cement used, and 
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it is still widely employed'. It is a resinous 
substance obtaiüed from trie balsam fir tree, 
Abies Salsamea, which is native to the north- 
east United States and Canada. Balsam is 
usually mai'keted as a thick, syrupy liquid 
(viscosity 1200 to 24Ö0 centipoises) composed 
of a mixture of at least two solid resins and 
various;Yolatile liquids called 'turpentines'. The 
proportion of solid material to turpentines may 
differ, depending upon the origin of the bak 
sam, weather factors, and the treatment it 
receives by the gatherer. It averages about 
two parts of resin to one part of turpentine. 
The refractive index of Canada balsam is usu- 
ally between 1.53 and 1.54. 

Before the balsam is used for cementing, it 
is purified. All dirt is stx*ained out and any 
water is removed, The balsam is seldom used 
in its original liquid -state, but has been used 
in this manner when the completed element is 
to be subjected to very cold temperatures. In 
this case, the soft balsam is applied and the 
element is secured-in a clamp and baked for 
several days. This produces a thin, hard film 
of balsam around the edge of the cemented 
surfaces and leaves a soft, pliable center. 

Usually the balsam is heated to drive off 
part, or all, of the turpentine before it is used 
äs a cement. Wheii handling large amounts of 
balsam,, the evaporation must be performed 
under reduced pressure to prevent discoloration 
from the high heat; Operating under reduced 
pressure, it is possible to produce solid balsam 
suitable for cementing precision optical ele- 
ments^- 

By another process the turpentine is evap- 
orated from a thin film of the .liquid balsam 
just prior to cementing.    A- little balsam is 

•^Ismfiht- Änd: f»nn1fpd: pourea IULU LIIC uoneav& ^isnieiiT; 
on ä xhermostatically-eontf Oiled hot plate until 
it is just solid. At this point the elements are 
cemented.    (See Chapter 20,.) 

Synthetic Cements; — A number of syn- 
thetic cements have been developed recently to 
compensate for some of the shortcomings of 
Canada balsam. Among the shortcomings of 
Canada balsam are its tendency to yellow and 
become somewhat harder through loss of vola- 
tiles upon-prolonged heating in air, and the 
limited resistance of Optical elements cemented 

with it, to heating and chilling. The nature of 
synthetic cements makes it convenient to group 
all optical cements into three categories—- 
thermoplastic, thermosettihg, and pure butyl 
methaefylate, äs noted in Chapter 20. (See 
Figure 2001.) 

Thermoplastic Cements.—The word 'ther- 
moplastic' indicates plasticity caused by appli- 
cation of heat. Canada balsam falls into this 
category; although balsam becomes somewhat 
harder after prolonged heating in. air due to 
loss of volatiles, it is always easily capable of 
being remelted. Another" thermoplastic cement 
is ä mixture öf diethylene glyeol abietate and 
pentaefithrytol abietate, This material is a 
true thermoplastic and may be subjected to 
prolonged heating in air without noticeable 
deterioration. Its thermal resistance when ce- 
mented in optical elerrtents is about the same 
as that of Canada balsam. Other thermoplastic 
cements have been produced by polymerizing 
non-thermoplastics dissolved in thermoplastics. 
This procedure has been used to fortify the 
properties of the thermoplastic resin—usually 
to increase its resistance to heat of colaV 

lii recent years there has been considerable 
development of cements which" are polymerized 
in the optical elements during cementing. These 
cements offer resistance to both heat and cold 
which is superior to any thermoplastic mate- 
rial which can be conveniently melted and used 
for cementing optical elements. 

Theriripsetting Cements.—The word 'ther- 
mosetting' indicates loss of plasticity from apr 
plication of heat. During heating, the cement 
'sets', i.e., changes from a liquid to a solid. 
After the set* or polymerization as it is prop- 
erly called, a thermosettihg cement is not ther- 
moplastic Continued Seating, at much higher 
temperatures than those used to set the cement 
will not melt it. Thus the hardening is irre- 
versible. Thermosettihg resins when polymer- 
ized are insoluble in all solvents excepting such 
substances as cause the polymer to decompose 
chemically. They are also infusible, although 
temperatures high enough to decompose them 
will cause depolymefization or chemical de- 
composition,, or both. 

Thermosettihg cements are used äs liquid 
monomers, or as partial polymers in the form 

a 

V- 
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of liquids or soft gels. After application to the 
optical elements in the standard manner de- 
scribed in Chapter 20, the elements are baked 
to harden the cement. 

As noted in Chapter 20, true thermosetting 
cements are characterized by two double-bonds 
per monomeric molecule. In the case of a mix- 
ture^ as distinguished from a pure monomer, 
one of the constituents must have more than 
two double-bonds per monomeric molecule. 

All heät-setting optical cements harden by 
true polymerization of the 'vinyl' type, which 
is based on double-bond reaction. There are 

. other types of thermosetting resins which set 
tu iiisulüble, infusible solids but these other 
types all give off by-products, usually water, 
in setting. They are therefore unsuitable for 
optical cements. All true thermosetting mate- 
rials are characterized by a three-dimensional 
structure of the polymer. 

By referring to Figure 2001 it can be seeii 
that there are four optical cements of the 
thermosetting type which have been used suc- 
cessfully for precision optical cementing. These 
cements are PKR-15 based oh the CR^-39 
monomer, XJV-I01 and field cement based on 
Laminae 4122, and HE-5 which is a mixture 
of butyl methaefylate with a crossTlinking res- 
in containing two or more double-bonds per 
monomeric molecule. 

CR-39 is a clear water-white resin of low 
viscosity. The formula of its monomeric mol- 
ecules is (CH2±=CH-CH-CO-OvCH.=CHö)20. 
Laminae 4122. is a clear, amber^colored liquid 
with a viscosity of about 5 poises. It is com- 
posed of a mixture of styrene with an aikyd 
resin which has two or more double-bonds per 
molecule. 
 -Pu*ä-Butyl-Metha^y4Me--C®!nßnts:==^Rure-„ 

butyl methacrylate cements have some proper- 
ties in common with both thermoplastic and 
thermosetting cements. Cements of this type 
are made and applied in the same manner as 
thermosetting cements, i.e., a liquid cement is 
applied to the optical elements* which are then 
baked to harden the cement. However, due to 
the fact that butyl methacrylate' has but one 
double-bond per monomeric molecule, its polyr 
mers are always linear rather than three di- 
mensional in nature. Thus the solidified cement 

is both soluble and fusible, although it does not 
become very soft and approach a liquid state 
until heated to temperatures of 400 to 500 °F. 

Preparation and Handling of Thermoset- 
ting and Pure Butyl Methacrylate Cements.— 
In all cases it is necessary to add a peroxide 
accelerator to thermosetting and butyl metha- 
crylate cements to enable them to polymerize 
properly when baked for 2 to 4 hours. The 
accelerator used with butyl methacrylate ce- 
ments, CR-39 cements, and Hfi-5 is benzoyl 
peroxide^, a white crystalline powder, IIV-101 
uses either the laüoryl peroxide* which is simi-, 
lär in appearance to benzoyl peroxide* or ter- 
tiary butyl hydroperpxide, a clear, water^white., 
volatile and odoriferous liquid peroxide. The 
accelerator used with field cement is ditertiary 
butyl peroxide which is also a liquid, and simi-^ 
lar in appearance and odor to tertiary butyl 
hydroperoxide. 

All pure butyl methacrylate cements and 
some thermosetting cements are partially poly- 
merized before use. This procedure has the 
triple function of reducing the amount of poly- 
merization shrinkage that takes place when the 
cement is bajad in the lens, shortening the 
baking time, and increasing the viscosity of 
the monomer to a vaiue which is easier to work 
with in applying the cement to the lens. GR^3,9 
Cements (PKR-15), all pure butyl methacry- 
late cements, and HE^-5 are always partially 
polymerized before Use as lens cements. Al- 
though it is possible to partially polymerize 
cements based on Laminae 4122, the shrinkage 
of this material it enough less than that of the 
others mentioned above so that it is safe to use 
it without pre-polymerizatipn. For this reason 
and because it is; hot so convenient to partially 
.polynieyize Laminae 4122, UV^lOl and_ field 
cement (which are based on Laminae 4122) 
are not usually partially polymerized before 
use. 

Thus CR^-39, pure butyl methacrylatej and 
HETTS cements are made by partially polymer- 
izing the monomeric resin and stopping the" 
polymerization ät an appropriate point. This, 
point is usually the maximum degree of pply- 
merization which can be carried out and still 
have the polymer liquid enough to be useful as 
a cement;   If cements have to stand shipment 
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or storage before use, it may be necessary to 
cut down the amount of polymerization slightly 
jo allow for the polymerization "which may t&ke 
place under these circumstances. 

Partially polymerized Eesins paust be kept 
cool from the time of partial polymerization 
until just prior to use, because in the partially 
polymerized state they are' very reactive and if 
they are stored at room, temperature for a few 
hours, or at most a few days, thej? will solidify 
a»d become useless f o? optical cementing. 

The procedure for making the jpartially pol- 
ymerized cement is similar for tooth normal 
butyl methäcrylate* CR-3'3, and iM> First 
the purity of the monomer is ascertained. The 
CR-39 may be shipped and stored at normal 
temperatures without affecting its use in pre^- 
paring a thermosetting cement.. Normal butyl 
jmethacrylate must be shipped cold or with an 
inhibiter dissolved in it. Hy4roquinohe is the 
usual inhibiter, and if it has. been_useäxjthe^ 
methäcrylate must be distilled away from it by 
vacuum distillation. The pressure it not criti- 
cal; 20 to SO ihm Of mercury is suitable. An 
accelerator is dissolved in the monomer. In all 
cases the accelerator is benzoyl peroxide, and 
considerable mechanical agitation may be nec- 
essary to dissolve it. The amount of accelera- 
tor used varies with different manufacturers, 
but in all cases the quantity used is believed to 
be iri the range of ^0 per cent to 3 per cent 
by weight; 

After the benzoyl peroxide has been dis- 
solved, the mixture is filtered to remove any 
iimpüritieä or undissolved materials. This is 
Usually accomplished by suction or pressure fil- 
iation through a filter with very fine pores. 
A medium fritted glass filter and very fine silk 

- siüth -have both -been used ^uccessfulfc 
The actual polymerization is effected by 

heating. Both continuous and batch processes 
have been employed, but if the latter is usvd, 
small containers are recommended because a 
much more uniform distribution of heat is 
obtained. 

The molecular weight distribution of the 
partially polymerized product is believed to be 
very important. Theory indicates that a fairly 
Uniform molecular Weight is superior to a wide 
molecular dispersion with mixtures of very 

layge and very small molecules. Fairly rapid 
heating to as high a temperature as is safe for 
the specific composition followed by quick cool~ 
iEg when the cement has reached the desired 
viscosity seems to produce the best results. 

It should be understood that it requires care 
to produce ä good thermosetting cement, and 
that the cleanliness of operation, the amount oi 
peroxide used, time and temperature of heat- 
ing, rapidity of cooling, size of batch, and other 
factors must be carefully controlled to produce 
the desired product. It is believed that optical 
manufacturers who do hot have chemical lab- 
oratories and chemically-trained personnel at 
their disposal should buy their thermosetting 
cements rather- than try to make them. The 
problem of making good thermosetting cements 
should be fairly easy for a competent chemical 
laboratory. 

Because of the contraction taking place 
when Jieatrsetting resins are polymerized and 
also in order to speed cementing procedures, it 
is advisable to polymerize pure butyl methä- 
crylate and thermosetting cements to as great 
a degree äs is possible, consistent with the re- 
quirements of use and necessary shipment or 
storage after manufacture; The heätrsetting 
cements Used currently contract about 10 per 
cent oii solidifying. Contraction of over 10 per 
cent must be considered dangerous and likely 
to set up strains and warp the surfaces of the 
lenses or other optical--elements.. 

Normal butyl methäcrylate polymerizes by 
becoming increasingly viscous and sticky, and 
finally solidifies to a somewhat rubbery solid. 
CR-39 and HE-5 increase in vöscosity during 
polymerization much more slowly than pure 
butyl methäcrylate, but pass through ä gel 
stage just prior to solidification. _ The maxi- 
mum viscosity which has proved practicable 
tp employ with butyl methäcrylate is about 
32 poises; CR-^39 and KE-5 may be taken to 
the soft gel stage and used in this viscosity 
effectively. The jelled CR-39 and BE-5 Usu- 
ally have viscosities somewhat softer than that 
of ordinary f rUit gelatine. Either product must 
be shipped and stored at 80°F'. if it has been 
taken tp the maximum viscosity. Butyl methar 
crylate änd HE-5 must be kept cool in any 
state, of polymerization, but CR-39 which has 
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net reached the goA stage is more stable and 
will stand a week or two of storage at !&°£. 
The temperatures a cement will stand for var- 
ious periods depends entirely upon its degree 
of polymerization. All optical cements are best 
shipped and stored in glass containers. It is 
definitely known that iron, lead, and copper 
have bad effects ön CR-39, although tin does 
not appear to harm it. At any time after the 
benzoyl peroxide has been added, it is unwise 
to store CR-rr39 at temperatures below 30°F. 
because of the danger of freezing put solid 
behzoyl peroxide which will not re^dissolve and 
thus becomes asolid contaminant to the cement. 

OTHER MATERIALS 

A large number of materials not hitherto 
discussed in this chapter, are used in cleaning, 
engraving, etching, and coating optical ele- 
ments* as well as in various stages of the man- 
ufacturing process. In general, the uses of 
these materials has been sufficiently cove^dd in 
the text or else they are of such ä nature äs to 
need ho discussion. In the following para- 
graphs, therefore, such materials are merely 
listed together with pertinent information as 
to the grade, type, or form which should- be 
used. In addition, a key to the most pertinent 
applications are provided by chapter numbers 
included in parentheses. Due to this arrange- 
ment, it is possible to pick out the materials 
necessary for any specific procedure. 

The meaning of abbreviations used are äs 
follows: U.S.P.—Chemicals so marked fully 
meet the requirements of the United States 
Pharmacopoeia: C.P. signifies 'chemically 
pure': VM & P signifies 'varnish maker's and 
painter's grade'. 

Chemical Reagents 

The grade and purity of all chemical re- 
agents' listed are in all cases sufficient for the 
purpose indicated, In certain instances expe^ 
rieiice may show that it is possible to use a 
reagent of less purity than that specified aiid 
thus to lower production costs or obtain certain 
substances more readily. 

Acid* Acetic (CH3COOH).-—Glacial concent 
tration, U.S.P.   The acid is diluted with water 

to make solutions of the desired concentration 
(11, 23). 

Acid, Böric, (H3B©3).-—U.S.P., crystals(I9). 

Acid, Hydrochloric (HC1-). -^ Reagent or 
C.P. grade, concentrated, specific gravity 1.18 
(18, 23), 

Acid? Hydrofluoric (HF).-^Fqr etching ret- 
icles U.S.P, or technical grade hydrofluoric acid 
is used. A 60 per cent solution is best for this 
purpose (17). For use in= the production of 
pure magnesium fluoride, only the finest avail- 
able hydrofluoric acid is used. Ä 48 to 82 per 
cent solution in a grade such as Baker's C.P. 
Special is ordinarily employed (19). 

Acid, Nitric (HN03). ~ C.P. or 
grade* concentrated, specific gravity 1.42 (17, 
18, 19). 

Acid, Sulphuric (H2SÖ4).-^C.P. or reagent 
grade,, concentrated, specific gravity 1.84 (18, 
19). 

Ammonium Hydroxide (NH40H)i^-G.P, or 
reagent grade, concentrated, 15 normal., spe^ 
cific gravity 0.90; The concentrated ammo- 
nium hydroxide may be diluted with water to 
any desired concentration less than 15 normal 
(17, 18, ,19i 28), 

Collodion (a variable mixture).-^-A com- 
mercial solution of nitrocellulose in alcohol and 
ether. Any of the standard solutions are suit- 
able 

Copper Sulphate (Cupric) (CuS04-5H20), 
•S—C.P. ör reägeiit grade. Saturated solution 
may be made by mixing one part of crystals 
and two parts of water and agitating for 2 or 
3 hours (18). 

Magnesium Chloride (MgCl2 •ßKkÖ).-^-Crys- 
tals should be purest grade available such as 
Baker's C.P; Special Crystals, low in Alkali 
salts (19). 

Methyl Orange [NaS03-CBHiN:NiG«H4^N 
(CH3)2] .-^Powder, 1 gram of the powder is 
dissolved in 1 liter of water to make methyl 
orange solution (23). 

Potassium Hydroxide (KOH).—-C.P, or re- 
agent grade pellets.    A saturated solution is 

t T "•\ ,j'^.'^",wjr'7 
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Made by carefully mixing three parts of potas- 
sium hydroxide pellets with two parts of water 
and agitating for 30 minutes (18, 19). 

Silver Nitrate (AgNOR>.—G.F. or reagent 
grade crystals (18, 19). 

Soda Ash (Sodium Carbonate) (Nä2C03: 
H20).-~^-U.SJ?. Solutions of up to 25 per cent 
May bfe-iBäue by dissolving the powder in water 
(23>. 

Sodium Chloride (NaCl).—U.S.P. (19). 

Sodium Citrate (ZN&CeHsÖT-l-lIfeO). -~ 
U.S.P. crystals (23). 

Sodium Hydroxide (NaOJi),—U:S.P. pel- 
lets. Solutions up to .at least 30 per cent are 
made by dissolving the pellets in water (23). 

Sodium Se^uisiHcate(3NäaÖ:&Si02:ltH2ö)> 
^Goinmercial grade granules (23),. 

Na20 Sodium Silicate (ratio JLA. 
SiO?    ~   3.22/' 

Commercial g^adejsolution, specifiegfavity 1.38 
(17). 

Sugar, Caxie <C12H22011),—U.S.P. crystals 
(18). 

Titanium iDioxide (Tiö2) .-^Standard purir 
lied grade powder (17, 23T). 

trisodiüm Phosphate (Na?P04-12H20). -^ 
Technical or commercial grade crystals (19k. 

Solvents 

Acetone, ^— Commercial grade acetone is 
suitable for use äs a general cleaning solvent. 
For cleaning optical elements before applica- 
tion of films or before inspection, it should be 
double .distilleu to assure- "f-reeness from -dis- 
solved solids (19, 23, 24). 

Alcohol, Denatured.—See "Alcohol, Ethyh" 

Alcohol, Ethyl. — Ethyl alcohol may be 
called 'pure grain alcohol,' if pure, and simply 
'denatured alcohol' if denatured. In all cases, 
the 95 per cent grade is adequate. Where the 
alcohol is used for general cleaning, or dissolv- 
ing of shellac, or for wiping off blocks of glass 
during grinding* any commercial or denatured 

grade may be employed. For cleaning of pol^ 
ishtd surfaces before inspection, cementing, 
application of films, or filling of reticle lines, 
only a very pure grade of alcohol will function 
properly. Pure alcohol worksjvery well, but is 
not always available. Most denatured alcohols 
do hot da the job properly, but 95 per cent ethyl 
alcohol denatured with pure ihetliyl alcohol is 
adequate for those uses where a very pure 
grade of alcohol is required (.11,42; 13, 15., 17, 
20,21,22,23,24). 

Alcohol, Isopropyi.^~A high grade of ipurity 
is required wherever this1 material is used> A 
suit-able isopropyl alcohol is the 99 per cent 
grade manufactured by Carbide and Carbon 
Chemical Company (17,19, 23). 

Alcohol, Pure Grain.--See "Alcohol, Ethyl." 

Benzol.-^Commercial grade benzol is suit- 
able for .general cleaning (23). 

Carbon Teträchloridei r^-Ä clean commer- 
cial grade of this material is adequate in all 
cases (18, 23). 

Chloroform.—A clean commercial grade is, 
adequate. Caution should fee observed: mhanr 
düng, this and all other chlorinated solvents 
(18). 

Ether, EthyL^A C.P. grade should be used, 
especially whwe it is to be used to clean optical 
elements, previous to making optical contact 

Gasoline.—Any standard, non-ethyl type is 
satisfactory (,3,4, 5, 9,11, 23>. 

Kerosene.—Any standard commercial grade 
is satisfactory (23). 

Naphtha.—Standard commercial/ V'M & P 
hapntha is satisfactory (23)."' " 

Toluol, -rr- A standard commercial grade is 
satisfactory (23):. 

Trichlorethylene. -+ Ä standard grade, if 
noii-acid, is suitable for use in degreasers. Cer- 
tain grades, which are inhibited against -be- 
coming acid, are superior but slightly more 
costly (23). 

Turpentine.—-A standard commercial grade 
is suitable (18). 

1 '0- r f=" -.^^r^TI-TTÜ1" *^- •r- 
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XyloL -r— A standard commercial grade is 
suitable (11,18,23:). 

Miscellaneous 

Acetate Rayon Napkins.- 
grade is satisfactory (19). 

-The best lintless 

Aerosol, QT,.-^A detergent manufactured 
by American GyäBämict & Chemical Company. 
A solution can be made by dissolving it in water 
(19, 23!)., 

Aluminum. —? The purest aluminum avail- 
able should be used for evaporated films. It 
can be used is the förin of a wire about 1 rnm 
in diameter (19). 

Batiste.—Fine white, lintless. A satisfac- 
tory quality is 'White Rose Pattern- rnanüf ae^ 
tured by A;E. Nathan Company, 119 Franklin 
St., New York City, (17, 20, 21, 24). 

Beeswax.—A pure white refined beeswax is 
used for the resist applied when engraving ret- 
icles. See also under "Blocking Adhesives," 
this Chapter (17). 

Calcium Carbonate (CaC03).-^Precipitated 
n T>    ~~ ~ —J. „•.»J~   /--IQ     IQ    OÖV 

Celaixese. — Celanese is, ä lintless acetate 
rayon.  See also "AcetateRayon Napkiiis"( 17)-. 

Celite.-^A medium-fine diatomäceöus silica 
product that is manufactured by Jöhns-TMan- 
ville Company (19)<. 

CharcoaL.-^ Charcoal art pencils, specially 
prepared in stick or pencil form by any artist's 
supply manufacturer (23). 

Cheesecloths-Cheesecloth must conform to 
type 2 class A Federal Specification FED CCC- 

^27L    •Chpo.gPRlf>t.h-^nnn£Qr.mi'incr to this Bp.6Cifi6a-- 

-tipxi' must be free of lint, war,p 44, filling 40, 
soft finish (4, 5, 8, 7, 8, 9, 10, 1,1, 12,13, 14,15» 
22, 23, 24). 

Cloth, Soft. -*- See ''«Batiste»?' "Celanese," 
"Cheesecloth," and "Sylvet Cloth" (22, 23). 

Copper. — The purest copper obtainable 
should be Used for evaporated films. It can be 
used in the form of a copper wire about .1 mm 
in diameter (19). 

Cotton, Absorbent. —^ Any clean standard 
commercial grade is satisfactory. The medi- 
cated type is not acceptable (10,12,18, 23, 24:); 

Cryolite.—Selected pure grade. May be ob- 
tained from Ward's Natural Science Establish- 
ment, Röchester, N.Y. (19). 

Felt, Polishing Cloth.—-A satisfactory qual- 
ity is 'White Seymour Cloth' manufactured by 
Brown & MacTingue, New York City {7, .8, 11» 
i2):. 

Ferrosic Oxide (FegO.}).-^Powder, commerr 
cial grade, grit-free (17). 

Halowax Oil'. •— Clear, practically waters 
white» refractive index nD=i,63j4 at 2S<?C. (2);, 

Ink.^-Iiidia or drawing ink with dense and 
very fine pigment particles. The product made 
by Kiggins is satisfactory (15., 2Q)... 

Iron Oxide, Black, Magnetic.- 
Oxide." - 

^See "Ferrosic 

Lacquer, Black Waterproof. -^-. See under 
"Protective Coating Materials," this chapter 
(20). 

Lampblack.-7-^A standard commercial grade 
is satisfactory; In filling etched lines in ret- 
icles, black magnetic iron oxide or manganese 
dioxide may alsc» be Used (17). 

Lens Tissue. -^- See "Paper, Wiping," and 
"Paper» Wrapping" (13, 24). 

Magnesia. — See "Magnesium Carbonate" 
and "Magnesium Oxide" (1?). 

Magnesium Carbonate <3VIgCÖ3)> — Ü.S.P. 
powder j[;19, 23)u 

Magnesium Oxide (MgÖ)v—U.S.P. powder 

Mineral Oil., — Clear,, practically waters 
; white», refractive index nD=1.480 at 25PG,,(2)^ 

Monobromhaphthaiene.—Clear, practically 
water-white, refractive index nt> — 1.655 at 
25°C. (2). 

Orvus Paste. ^ A detergent manufactured 
by Procter & Gamble. A solution can be made 
by dissolving it in water (19, 23=). 

^^^•i ....I, - - 
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Öilj Light Machine.—Any standard grade 
(9, 15). 

Oil, Prime Lard.—Central specification, CS 
1157 of 2/20/41 (18). 

Paper» Black.^—Black masking photograph- 
ic, dull finish (20). 

Paper, Filter. ^— Commercial grade, fast 
(18)-. 

Paper, pHyurkm. —- Used for checking the 
hydrogen ion content of water and rouge in 
suspension. Distinct color chairg.es are shown 
from PH 1 to PH 11. Manufactured by Micro 
Essential Laboratory, Brooklyn, N.Y. (11). 

Paper, Standard Tissue;—rSee "Paper, Wip-r 
ing" and "Paper, Wrapping" (11, 13, 15). 

Paper-, Wiping,—Wiping paper should con- 
form to Federal specification FED ÜÜ-P-313a 
of 5/30/43 (13,24). 

Paper, Wrapping.—Wrapping paper should 
conform to Federal specification FEB-1313 of 
8/21/45 (13, 24). 

Pumice Stone.^Standard commercial type 
(23).. 

Puttyv—A satisfactory putty is made by 
mixing 17 pounds of whiting in V2 gallon of 
ravy linseed oil (9). 

Rouge, Black.^-See "Ferrosic Oxide." 

Silica. — See "Celite" and "Super Floss" 
(23). 

•vsr 

Silver.-^-The purest silver obtainable should 
be used for evaporated films. It can be used in 
the form of a silver wire about i mm in diam- 
eter (19). 

Soap, Water, and Ammonia Solution^—This 
solution is made by using 15 cc of liquid green 
soap, 30 cc of concentrated ammonium hydrox- 
ide, and 2 .quarts of distilled water <24) * 

Sponge—Natural, Synthetic, or Wood. — 
Standard, gritrfree grade (11,13). 

Super Floss. =rr- A specially fine grade of 
silica manufactured by Johhs-Manville Gorn- 
pany (23). 

Sylvet Cloth. 
England (19). 

A lintless cloth made in 

Tape, Masking.—Standard Grade (11); 

Tape, Transparent €£lhiidse. -~ Standard 
grade (18), 

Towels, Paper;—Standard grade (4, 5, 10^ 
13). 

Zinc Sulphide (ZnS);—A special grade is 
made by New Jersey Zinc Company (i9). 

Soap, Liqüiä.i~Ständärd commercial green 
liquid soap, with, a pK^value c>f about 11 (18, 
23),. 

y-J 

Soap Solution.- 
liquid soap (23). 

-Made by adding ^vater to- 

a 
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APPENDIX A 

FÜNCf SON OF PRISMS 

2ss.-*kls 

In 3L fire control instrument it is frequently 
desirable to bend the rays of light through an 
angle in order, for example, to bring the eye- 
piece into a more convenient position, or to 
permit the use of the periscopic principle in the 
design of the instrument. Plane mirrors might 
be employed for this, but their silvered sur^ 
faces are a source of trouble, because their 
tendency to tarnish causes a loss of light, 
which grows more serious äs the instrument 
becomes older. For this reason prisrns are 
used instead of mirrors^either for this pur- 
pose, or, as in many cases, simply to erect an 
image which would otherwise appear inverted. 

Refraction 

While a prism may bend rays by refracting 
them, äs tshowh in, Figure AA, the rays of dif- 
ferent colors will be bent or 'dispersed' through 
different angles, as shown in Figure AB. When 
the angle through which the rays are bent is 
very large, the colors are so pronounced that a 
prism cannot be used. On the other hand, if 
the angle through which the rays are bent is 
small* this effect is hot pronounced and very 
often is. neglected. The 'correction Wedge' in a 
range finder (Figure 102) is a prism of this 
sort. If the incident räy is normal, i.e., per-* 
pendicular to the first surface, there is no 
deviation until the second surface is reached. 

X a=ANGLE OF INCIDENCE 

r =ANGUE OF REFRACTION 

d =ANÖLE OF DEVIATION 

Ti Figure AA.—^Refraction by ä Prism. 

If a is the refracting or physical angle of the 
prism, the angles of incidence and refraction 
at the second surface are respectively a and r,, 
where sin r = n sin a (see Chapter 2, formte 
la (3)••). Since the angles are small* we can 
can assume that the angles are proportional to 
the sines and, therefore* r = rat, and the angle 
of deviation d is: given by the equation: 

d = v -=- a =na — a, = («. — 1), ct, 
Because the total angle through which the rays 
are bent by the correction wedge of a range 
finder is only a few minutes, the separation of 
the different colors is slight and it is custom- 
ary to disregard it in the smaller instruments. 

Achromatic Prisms.—An achromatic prism 
consists of two prism elements cemented to- 
gether* one Of which is made of flint and the 
other of crown glass.   A prism made of flint 
glass has a larger mean dispersion than one 
of the same dimensions made of erowh glass. 
In an achromatic prism, the element with the 
smaller refracting angle is made of flint glass 
and is turned opposite to the larger prism, 
which is made of crown glass.   The refracting 
angles are so related that the dispersion of the 
two /elements will offset each other, and al- 
though the refracting angles offset each other 
partially as well, they do---not do so entirely and 
the combined effect gives the doublet the angle 
of refraction that is desired.   In this way the 
deviated image is almost entirely free from 
color.    In some range finders an achromatic 
correction wedge is employed instead of the 
single'prism/describedaöövey 

A prism of small angle, such as that just 
described, and in which the deviation is pri-? 
marily the result of refraction, is usually re- 
ferred to as a 'wedge' because of its shape. 

Since a variation of 1 second in the devia- 
tion of a wedge produces an error of 0.17 pes 
cent, it is necessary that this deviation be held 
to a very close tolerance. It should be noted also 
that the actual deviation produced by a wedge, 
rather than the angle between the external 
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Figure AB.—Dispersion by a Br-ism. 

faces, is the significant value. In addition the 
surfaces must be regular, of first quality, and 
depart from pläneness by hot more than 3 
bands, if the definition and general perform- 
ance is to be satisfactory; 

Reflection 

When a ray is bent by refraction, even 
though an achromatic prism is used, it is im- 
possible to obtain complete freedom from color, 
but when it is bent by reflection, this trouble 
disappears. Therefore, prisms that are de- 
signed to bend the rays by reflection are used 
in nearly all cases. Such a prism, is shown iii 
Kaum 107 and is. knownasa right^angle re- 
flecting prism. It is used when it is desired to 
bend the rays through.an angle of 90°. 

Images Formed by Reflecting Prisms. -^ 
Some reflecting prisms and prism systems are 
designed so that the rays passing through them 
are reflected more than once-^ih some cases, 
many times. When rays are reflected they may 
be c0nsidered as forming a bundle of rays which 
leave the object and, after passing through the 
prism or pyism system,, form an image of the 
object.   In this passage* the prism may affect 

the path of the rays themselves, or it may 
change the relation of the image to the object, 
or it may do both* 

Character of Image.—When the rays of ah 
object pass through a prism or prism system 
they form ah image which is essentially the 
same äs the object. In the case of a refracting 
prism, there is ä refraction of the rays into the 
colors of the spectrum and consequently a de- 
gree öf dispersion* thus introducing both color 
a.nd a slight blurring into the image, which 
otherwise, however, is essentially the same as 
the object. Images formed by a reflecting prism 
or prism system .show no appreciable amount 
of either refraction or dispersion. 

Imagis f"Örffigct by a prism or prism system 
may be either inverted or reverted* äs shown 
in Figure AC, or they may be rotated,, deviated, 
or displaced, or they may have combined; char- 
acteristics, äs indicated iii Figure-AD* 

Path of Rays.—-The path of the rays i/hay 
hot, be altered by thtir passage through a piiism 
or prism system, i.e., the. path of the rays leav- 
ing a prism or prism system may be merely ä 
continuation of their path when entering, e.g., 
a dove prism* Figure 112.   On the pther hand, 
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5LE. INDICATING L1GÜT PATHS -OF C@MM.OE TYPES 
OF PRISMS AM) PRISM SYSTEMS 

It 

1 

I 

TYPE 
SEE 

FIGURE 
INVERSION 

OR 
REVERSION 

AMOUNT 
OF 

DEVIATION 
PARALLEL- 

DISPLACEMENT 

REFLECTING 'PRISMS: 

Porro 103 Neither 180° KJö 
Porxo System 104 Inversion None Yes 
Abbe 105 Neither 

(90° Rotation) 
90° No 

Pprro Abbe System 106 Inversion •Noxie Yes 
Right-angle Reflecting 107 Reversion 90" No 
Amici 108 Inversion 90° No 
Leman (Sprenger) 109 Inversion None Yes. 
Brashcar-IJastings (Abbe Roof) 110 Inversion None No 
Rhomboid (Rhomb) HI Neither None Yes. 
I>oye (Rotating-) 112. Reversion None No 
Penta 113 Neither 90° No 

REFRACTING PRISM: 

Wedge 117 Neither .(»-!) A* No 

*Where A=physical angle (see formula (12) under "Small Circular "Wedge", Chapter 16) 

Figure AD; 

the path of the exit rays may form an angle 
with, or deviate from, the path of the entering 
rays, ue., the path of the exit rays is not paral- 
lel with the path of the entering rays.. This 
deviation may be any angle, but is usually 45,. 
90, or 180°. Deviation of 180° is a special case 
in which the path of the exit rays is parallel 
with that of the path of the entering rays, but, 
since the direction of movement of the exit rays 
are opposite to that of the entering rays, it is 

considered deviation and not displacement {e.g., 
porro prism, Figure 103).. Finally, a prism 
may displace the path of the entering rays 
without changing its. direction, so that the ;path 
of the exit rays' is parallel to that of the enter- 
ing rays, but at some distance from it (e.g., a 
rhomboid, Figure ill). Figure AC indicates 
the effect some common types of prisms and 
prism systems have on incident paths. 
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APPENDIX B 

•MR1VATS0N OS FORMULA FOR LIGHT ABSORPTION 

The following is a derivation of the formula 
used in Chapter 2 to determine the light ab- 
sorption per centimeter. 

Let i'o be the intensity of the incident beam 
of light. When this beam strikes the surface 
of the glass, a definite fraction, R, will be re-? 
fleeted while the remaining fraction, (1-B), 
will be transmitted into the glass. If the 
light is incident normally on the glass surface, 
Fresnei's formula for the fraction reflected be- 
comes 

R = in - D: 

where n is the index of refraction of the glass 
with respect to aiE* Calling the intensity of 
the beam transmitted into the glass I-%, it is 
seen that 

h = (1 - R) h 
This transmitted beam loses intensity by 

absorption in the glass at the rate öf B per 
centimeter, where B is a small fraction. Thus, 
at the end of 1 centimeter of travel through 
the glass the intensity will drop from h to h 
(1 — B). At the end of 2 centimeters travel, 
the intensity will fäll tö [h ,(A -* B) ] (1 - B) 
or h (1 -- B)2. After L centimeters of travel 
the intensity will become h (1 — B)h, which^ 
if the glass sample is L centimeters long, will 
be the intensity at the second surface of the 
glass. Another loss will occur at this surface 
due to a second reflection, which will also be in 
accordance with FrgsneTs. formula. 
The. fraction reflected at this second surface 
Will be 

(n'.- I)2 

R' = 
<•«'' + I)2 

where n' is the index of refraction of air with 

respect to the glass.   Since n' = ~ the for- 
lb 

mula for R' can be written 

Rf = which equals (1 -n)2 

(1 +»)* 

But since (1 — rvY — {n ~ I)2 

R' — R 
and the intensity of the final emergent be; 
IT, will be 

h = h (1 - B)> (1 *- ÄJ 
but since Jx == (1 — #) /„ 

fP = l„ (I - RY (2 - BY 
Substituting the value of R from Fresnel's for- 
mula,, this becomes 

(n ^ 1)
2

T 
2 

h = /• f 1 - 

and simplifying 
(n +1-: 

n (1 - BY 

v ~Io hnfid (i - ay 

Dividing by J„ and multiplying both sides by 
100 

/p x loo = loo a - BY T-  4?l   ^2 

•/. in + I)2- 

But T£ x 100 expresses the final intensity as 
•»0 

a percentage of the incident intensity which is 
the actual reading secured from the photom- 
eter.   If this quantity is expressed as P and 

if loof -     4n 

U»t D! which depends solely on the 

refractive index of the glass and is independ- 
ent of the reading of the photometer, is ex- 
pressed by M, the last equation can be written 

P == M (1 - B)L 

P 
or (.1-»)*• = M 
Which is the form given in Chapter 2, for- 
mula (l)f 

It should be noted that, although this for- 
mula allows .for losses from absorption in the 
glass and from reflection at both surfaces, it 
disregards any other losses, such as those aris- 

'" ing from multiple reflections between the two 
surfaces. These losses are quite small, how- 
ever, and for nearly all practical purposes, ihay 

"1>e neglected. 

~ * "** -* 

••- £• 
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©F DETERMINING Li$UJI> MIXTURE RATIOS 
rö.R ©öfÄSMIHG DESSRED REFRACTIVE INDEXES 

The refractive index of a liquid can be 
made to approximate any value by mixing two 
liquids in proportions according to the follow- 
ng formula.': 

Qz   .. n2 ==- n- 

where    Qt = the -parts,,'by volume,, of the first 
liquid, 

Qs == the parts, by volume* of the sec-^ 
ond liquid1 

n = the desired refractive index of 
the mixture which is equal to 
that of the glass being tested 

tii. — the refractive index of the first 

ni == the refractive index of the sec- 
ond liquid 

If it is assumed that one part* by volume, of 
the first liquid is used, this formula cati be 
written in the simpler form: 

r.   _  n2 — n 
n ^ %i 

where Q2 is the number öf parts* of the second 
liquid that must be mixed with one part of the 
first liquid. 

As ah example, assume that light mineral 
oil with a refractive index of 1.48Ö •And 'Halo-* 
'.vax' oil with a refractive index of 1.634 are 
available, and that it is desired1 to make a 
mixture of these two liquids that will have a 
refractive index of 1.525. If it is assumed, 
further, that Hälöwax oil will be considered as 
the first liquid, then 

n — 1,525 
n, = 1.480 
n2 = 1,634 

Substituting these values in the formula, it 
will be seen that 

1.634 ^ 1,52.5  _  0.109 
1,480  ~  0.045 Q2 = = %M = 2.42 parts 1.525 

of mineral oil. 
JHence a mixture of 2,42 parts of mineral oil 
and 1 part of Halöwax oil will have a refrac- 
tive index of 1.525; 

The same result is obtained hy using the 
table given in Figure 206. This table shows 
the volume ratio for light mineral oil «jäth a 
refractive index of 1,480, arid Hälowax oil with 
a refractive index of 1.634. The ratio will be 
found where the horizontal line marked 1.52 
iri the left-hand column intersects! the vertical 
column marked ,005. 

"X' nr -:: '• 
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SfÄNßjkltP TIRM1N0.LÖG-T FOR BLOCKING? FSXTyRSS 

A uniform system of nomenclature for 
the various fixtures and operations involved 
in blocking lenses, prisms, and other optical 
element blanks has been developed and used 
throughout this manual. It was felt that this 
was necessary to avoid confusion because of 
the lack of standardization of terms through- 
out the industry. This system is illustrated in 
Figure DA, 

As will be noted, this chart is built on the 
assumption that the operation of locating, plus 
that of mounting, constitutes the blocking oper- 
ation. The basic fixtures for blocking various 
types of optical element blanks, are* thefefore* 
shown under two headings 'LOCATING* and 
'MOUNTING* either as locating or mounting 
fixtures. The left-hand column under each of 
these heads illustrates the fixture that is used 
for a specific type of operation involving a spe- 
cific type of Optical1-element blank (or blanks) 
and surface; the right-hand column shows the 

fixture with the element blank (or blanks) in 
p?ace. The three columns under the first head 
'CHART OF BLOCKING FIXTURES' show, 
first, the type of blocking material used, second, 
the type of optical element blank, and third, 
either the kind of surface of ä more specific 

option of the type of element blank which 
in itself signifies the kind of surface. 

In those cases where crossed lines appear in 
the 'LOCATING' columns, locating operations 
are not necessary, -and-consequently no locating 
fixtures are shown. In these cases, the blocking 
operation consists only of mounting; the optical 
element blank (or blanks) on the mounting 
fixture* as indicated at the right In the two 
columns under '•MOUNTING'. 

All words and terms liot in parentheses are 
standardized nomenclature throughout this 
manual; those in parentheses are colloquial 
shop terms; 

£ .,—.1 •. -wr - jr " rt''' i 
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LOCATINÖ-HMÖüNTiNe = SLOCKING 

Figure DA. 

a 

'"<3 -1 

"» \s- 
•,T z^ ^r^ ?*•,'***¥''" v 



,^> 

\S 

Fl 

BSBLrOGRAPHY 

-W 

>S&. 
•*&s 

f^£> 

Auerbach, Felix. Die Physik im Kriege. Jena: 
Gustave Fischer, 1917. 

Bausch, C. L. "Inspection. Methods in Indus^ 
trial Plants." Meefi&nical J3mg ine er iii, g 
(magazine).   Jüly, 1538, pp. 553^556, 

Bausch, G. L. "Optics and Defense." (A study 
of the emergency production of glass and 
instruments.) Army Ordnance (magazine). 
May-June 1940, pp; 385-388. 

Bausch & Lpmbi (Brief ^description of most im-r 
portant military instruments manufactured 
by Bausch & Lonib.) Fortune, (magazine). 
October, 1940* pp. 7S~r80. 

Bell, Louisa The telescope- 1st edition. New 
York: Mci3raw-Hili/i922. 

Burmistrov, F. ;L. "Adsorption Photography." 
(Concerns production of fine measuring 
graticules and neutra, photometric filters, 

,ahd wedges for ultraviolet light.) Photo- 
graphic Journal (magazine). August, 1936, 
pp. 452^459. 

Clay, Reginald S. Treatise on Practical Light, 
London: MacMillah, 1911. 

Collins, A- "F.. Experimental Optics. New York: 
Appleton* 1933i 

Conrady,. Alexander E. Applied Optics and 
Optical Design. London: Oxford University 
Press, 1929. 

Cook, T. & Sons. On the Adjustment and Test- 
ing of Telescope Objectives. Great Britain,, 
York: f. <Coolc& Sons, 1921. 

- ..Caapskl; Siegfried,. Gmlndzuae der :The_Q7djs dsf 
Optischen Instrumente. Leipzig: J.A.Barth, 
1904. 

©aubeg, Joseph. "Shop Measurements with 
Light Waves." Hrfodeihi Machine Shop 
{magazine)^. September* 1943, pp. 118- 
130; aiid October, 1943, pp. 174-198,. 

Deve* CoL Charles. Optical Workshop Princi- 
ples^ Translated by T. L. Tippell from "Le 
Travaii des Verres d'Optique de Precision." 
London: Adam Hilger, 1943. 

©rude, Paul. Theory of Optics, New fork: 
Longmans, 1907, 

Edser, Edwin. Light for Students. London: 
MäcMillan and Co., Ltd., 1931. 

Eisenhart, M. Herbert and Melson, E. W. 
"Development and Manufacture cf Optical 
Glass in America," Scientific Monthly 
(magazine).   Apnl, 1940, pp. 323-334. 

Ewald, Dr. Wäldemar. Die Optische Werkstatt, 
Berlin; Verlag von Gebrtfder Borntraeger, 
1930. 

"Fine Annealing of Optical-Glass." Journal of 
Franklin Institute (magazine).. November* 
1927, pp. 667-668. 

Finn, A- N. "Optical Glass at the U.S. National 
Bureau of Standards." Journal of the Opti- 
cal Society of America (magazine). Janu- 
ary, 1938, pp. 13-17. 

Finn, A. N. "Optical Glass at the U.S. National 
Bureau of Standards." Glass Industry 
(magazine)..   November 1937, pp. 368-369. 

"FluoEine Film on Optical Glass." Science 
(magazine), supplement 14. January 6, 
1939. 

Frank, N. H. Introduction to Electricity and 
Optips.   New York: McGraw-Hill, 1940. 

Gardner, I. C. "An Attachment for Turning 
Approximately Spherical Surfaces of Small 
Curvature on a Lathe." U.S. National Bu- 
reau of Standards. Research Paper No. £67. 
August, 1932. 

Gardner* I. #. "Appligajwoii of the Algebraic 
Aberration Equations to Optical Design." 
U-S. National Bureau of Standards. Scien- 
tific Paper No. 550.   October 9,1926. 

Gardner, I. C. and Case, F. A. "Precision Cam- 
era for Testing Lenses." (Apparatus par- 
ticularly adapted to testing airplane camera 
lenses.) U;S. National Bureau of Standards. 
Journal of Research. April, 1937, pp. 449- 
466. 



.^r*^ 

Gleichen, Alexander, Theory of Modern Optical 
Instruments. Great Britain; His Majesty's 
Stationery Office, 1921. 

Glossary of Technical Terras for Instrument 
Repair. Ordnance Replacement Training 
Center:   instrument Repair Section. 

Guilf ord, Robert S. "The Manufacture of Pho^ 
tographic Lenses." Glass industry (maga- 
zine) . volume 12. February, 1931, pp. 23^27. 

Hansen, G. "Photographic Resolving Power in 
the Construction of Optical Instruments." 
Photographische Industrie (magazine).vol- 
ume 36, Berlin, 1938, pp. 692-694, 716-748, 

Hardy, Arthur C. and Perrin, Fred H< The 
Principles of Optics, (international Series 
in Physics;) 1st edition. New York: Mc- 
Graw-Hill, 1932; 

Härting, DE. H. of Jena. Theory of the Double 
Cemented Telescope objective. Translated 
from/"Z. für instrum^' nkunde." Decem- 
ber, 1898; 

Heath, R. S. A Treatise on Geometrical Optics. 
Cambridge: University Press, 1895. 

Hovestädt, Heinrich. Jena Glass and Its Scien- 
tific and Industrial Applications.       New 

:   York:   MacMillan,, 1902. 
Hunter, J. C. "A Mechanism for Graduating 

Dials of Optical Instruments,," American 
Machinist (magazine). December 16, 1920, 
pp. 1139-1140. 

Hunter, J. C. "Small Machines for Building 
Optical Instruments." American Machinist 
(magazine). December 2, 1920, pp. 1045- 
104.7. 

Ingalls, Albert G., editor   Amateur Telescope 
MaM^VTRepriHt«« from-art-ieles4n~Scien-L 

= tific American.) 4th edition.    New York: 
Mtinn, 1939. 

Jacobs, ^Donald; Fundamentals of Optical En- 
gineering.   New York: McGraw-Hill, 1943. 

Jenkins, F. A. and White, H. E. Fundamentals 
of Physical Optics. "New York: McGraw- 
Hill* 1937. 

Johnson, B. K. Practical Optics for the Labo- 
ratory and Work Shop. London: Beim 
Bros,, 1922. 

Johnson, R. L, "Elementary Principles of Op- 
tics." parts I to VII. Ordnance Sergeant 
(magazine).   January-July, 1941. 

Knapp, Dr» Oscar^ "Optical Glasses." (Com- 
position of glass.) Glass Industry (maga- 
zine) .   December, 1938, pp. 465-468. 

König, Albert. Die Feriiroisre und Entfernung- 
smesser.   Berlin: Jiulius Springer, 1923. 

Lehmberg, W. H. "Standards Control Quality 
in ©pticäl Manufacture." <i American Opti- 
cal Company Procedure.) Industrial Stand- 
ardization (magazine). October, 1940, pp. 
249-251, 

Macconochie, A. F. "Manufacture of Optical 
Parts for Rängefinders and Fire-Control 
Instruments." Steel (magazine). Septem- 
ber 22,1941, pp. 52-55. 

Mann, Charles Riborg. Manual of Advanced 
Optics,   Chicago: Scott, Föresmän, 19.02. 

Martin, L. G. An Introduction to Applied Op 
tics, volume II. (Theory and construction 
of instruments.)    London: Pitman, 1932. 

Martin, L. C. Optical Measuring Instruments, 
Their Construction, Theory, and Use, Lon- 
don: Blackie & Son, Ltd., 1924. 

Michelson, A. A. -'Optical Conditions Accom- 
panying Striae Which Appear as Imper- 
fections in Optical Glass." U.S; National 
Bureau öf Standards. Scientific Paper No.. 
333,   March 20,1919. 

Michie, Peter Smith. Elements Of Wave Mo- 
tion Relating to Sound and Light. New 
York: Van Nostrand, 1886*. 

Minor, R. S; and White* H. E.    Laboratory 
ExeYcises m Physical o«**^* Kfjjvxiw.- -X&iversity- - 
of California.: Berkeley, California.   Copy- 
righted by R. S. Minor, 1933. 

Minor, R. S. and White, H. E. Laboratory 
Exercises in Geometrical Optics. University 
of California: BerkeleyT/California., Copy- 
righted by R. S. Minor, i941. 

Monk, George Spencer. Light; Principles and 
Experiments. New York: McGraw-Hill, 
1937. 

.sr-sm -^e -Aimx.sV-. - -• "-• 



F3 

r. 

5" 

Mprey, G. W. Properties of Glass. New York i 
Reiiihold, 1938. 

Müller, R. H.   "American Apparatus, Instru- 
. ments, and Instrumentation."    (optical in- 

struments, microscope, photometer, refiec- 
tometer.) Industriell mid Engineering 
Chemistry (magazine).   analytical edition. 
October 15, 1940, pp. 591-602, 

Nutting, P. G. 
Philadelphia: 

Outlines of Applied Optics. 
Biakistoh, 1912, 

"Notes on Japanese Glass Activities." (Optical 

July, 
glass for microscopes, telescopes, and cam- 
eras.)    Glass Industry (magazine). 
1937, pp. 240=244. 

"Rejects in Optical Shop Reduced by Air Con- 
ditioning." (Frankford Arsenal.) Heating 
•and Ventilating (magazine). October, 1939, 
pp. 33-34, 

Optics and Service Instruments, Reprinted by 
permission of the Controller of His Brit- 
tanic Majesty's Stationary Office. Brooklyn, 
New York: Chemical Publishing Company, 
1941. 

Orford, Henry. Lens Work for Amateurs. 5th 
edition.   London: Pitman, 1931. 

Rayton, W. "Optical Glass Requirements of the 
Optical Industry." Journal of the Optical 
Society of America (magazine).   January, 
1938, pp. 8-12. 

Räyton, W. "Status of Lens Making in Amer- 
ica." Journal Society Motion Picture En- 
gineers (magazine),   volume 33.   October, 
1939, pp. 426-433. 

Robertson, J. K. Introduction to Physical Op- 
tics.   New York: Van Nostrand, 1941. 

Saegmuller, George N. Description of Zeiss 
Works, Jena • April 21,1914. 

Scott, Murray R. "Making of Optical Glass." 
Glass Industry (magazine). December, 
1936, pp. 420-422. 

Skinner, C. A- "Making a Standard of Plane- 
nessl" (Description of grinding and pol- 
ishing quartz surfaces optically flat, and 
final testing of these surfaces.) General 
Electric Review (magazine). volume 29. 
August, 1926, p. 528, 

Smith, T. "Optical Instruments of Symmetri- 
cal Construction." Proceedings of the 
Physical Society, volume 52, March 1,1940> 
pp. 266-268. 

Smith, T, T., Bennett. A. H., and Merritt, G. E. 
"Characteristics of Striae in Optical Glass." 
U.S. National Bureau of Standards. Scien- 
tific Paper No. 373.   May 3, 1920; 

Southali, James Powell Cooke. Mirrors, Prisms, 
and Lenses; A Textbook of Geometrical Op- 
tics. 3rd edition. New York; Macmillan, 
1933. 

Steinheil,. Hugo Adolph. Applied Optics-, (The 
computation öf optical systems* a transla- 
tion of the "Handbuch der Angewandten 
Optik.") London: Blackie & Son, Ltd., 
1918-1919. 

Strong, John W. Procedures in Experimental 
Physics.   New York: Prentice-Hall, 1S38. 

Taylor* E. W "The manufacture öf Lä^ge 
Astronom'cal Object Glasses:" (The process 
of grinding* polishing* and testing an ob^ 
jective.) Proceedings of the Optical Con- 
vention,   part II, 1926, p, 604. 

Taylor, H. Dennis. System of Applied Optics. 
London:   MacMillan, 1906. 

Taylor, Lloyd William. College Manual of Op- 
tics.   New York:   Ginn, 1Ö24. 

Tilton* L> W. "Cause and Removal of Certain 
Heterogeneities in Glass," Ü. <S. National 
Bureau of Standards. Scientific Paper No. 
572   October, 1927; 

Tilton, Lerpy W, T, "Standard Conditions for 
Precise Prism Refractömetry." TJ. S. Na- 
tional Bureau of Standards., Research 
Paper No* 776.   April, i935? 

U. S. ordnance Department; Wlementary Op- 
tics and Applications to Fire Control In- 
struments. Document No, ?065. Revised 
edition. Washington: Government Printing 
Office, 1924. 

U. S. Ordnance Department- The Manufacture 
of Optical Glass and of Optical Systems* 
Document No. 2037. Washington: Govern-? 
ment Printing Office, 1921. 

- »•-- S*t ~\'i     -*?• -. =r«»&rf;"nIt >Äi-iK* 
-7"P=~ 

' t.., J i ~.~£'"'t -^° 



F4 

4   *-J' 

TJ. S. Ordnance Department. Designing of 
Optical Systems for Telescopes. By O. iC» 
Kaspereit. Chief of Ordnance, February, 
1933, Technical Notes Ho. 14. 

U. S. Ordnance School. Elementary Optics. 
And edition, Aberdeen Proving Ground, 
Aberdeen-,, Maryland.   December, 1942. 

TJ, S. War Department Technical Manual TM 
9-1501 (restricted). Operation and Main- 
tenance of Optical Coating Equipment. 
Washington 25, O.G., March 12, 1S45. 

Valasek, Joseph. Elements of Optics. New 
York: McGraw-Hill, 1932. 

Von Rohr, M, Die Bilderzeugung in Optischen 
Instrumenten.   Berlin: Spririgef 1904. 

Wadleigh, W. H. "Viscosity of Optical Glass." 
U. S. National Bureau of Standards. Re- 
search Paper No. 577. July, 1933. 

Wagner, A; F. Experimental Optics. (Testing 
of telescopic instruments.) New York: 
Wiley, 1929. 

Washer, F. E".   "Eesoivihg Power and Bistort 
tion of Typical Aitplätie-Camera Lenses." 
W. S. National Bureau of Standards.     Re- 
search Paper Mö. ittW. itme, 1939, pp; 725?- 
746. 

Whitlock, C. H, "Molding Lenses." (Use of 
plastics in making spectacles, masks, or 
protective lenses.) Modern Plastics (mag^ 
azine), December, 1940, pp, 36-37, 8#, 88, 
90. 

Winters,, S, R. "New Method of Fusing Glass." 
Scientific American (magazine). August, 
1922, p. 105. 

Wood, Robert W. Physical Optics. 3rd edi- 
tion.   New York: MapMillänj 1934. 

Wrightön, W, L and Jarrett, W. C. "Induction 
Melting and Soldering in Optical industry." 
Metals and ÄM&yß (.magazine. June, 1940, 
pp. 185-188. 

^*_> 

AXM7-KAr)ITAN JRSEH*L(RSPD).KETUCHEN,NJ.51-119S 

_, .i,'£.'^c^;J#•?;-," 
>_«a1 '=w3s««?'uix —1.1., j ~ <o^ 



A Et M £ &   SERVKES   TEC 

'•»       5* m B ü 5 L P g N< G, 

CAi   INIORMÄTION   A G E N C Y 

YT0M,§ 

UNOTICEi When Government pr other drawings, specifications or 
other data are used for any purpose other than in connection with 
a definitely related Government procurement operation, the U.S. 
Government thereby incurs no responsibility, nor any obligation 
whatsoever; and the fact that the Government may have formulated, 
furnished, or in any way suppled the said drawings, specifications 
pr other data is not to be regarteigl by implication or otherwise as 
«i any manner nreBsjng the holder of any other person or corpora- 
tion, or c#veying khy rights or permission j£ manufacture, use or 
sell any patented invention that may in any way be related thereto. fJ 



r^=x: 

^^ (Unannounced Document)      UNCLASSIFIED '   \li/i 

ATI 170 108    T (Copies obtainable from ASTIA-DSC) 

iAnderson, Nichols, Associates, Boston,  Mass. 

Optical Elements for Fire Control Instruments - Description of *M 
Manufacture - and Appendixes A thru D /i 

April'51    497pp.    photos, tables, diagrs, graph, drwgs n  y1 

USAContr. No. W-36-038-ord-3476 

Instruments, Fire control Ordnance and Armament (22) 
Instruments, Optical Fire Control (4) 

^   F.^e   CovLfro (   J^^UHCLASSIFIED 

Op f, CcJ{   Xv <; tVuc..^ä \* <f <?, 



ATI- 170 108 

Anderson, Nichols, Associates, Boston, Mass. 
OPTICAL ELEMENTS FOR FIRE CONTROL 
INSTRUMENTS - DESCRIPTION OF MANUFACTURE 
AND APPENDIXES A THRU D.   April ' 51, 497 pp, 
incl. photos, tables, diagrs, graph, drwgs. 

UNCLASSIFIED 

(Not abstracted) 

DIVISION:  Ordnance and Armament (22) 
SECTION:  Fire Control (4) 
DISTRIBUTION:  Copies obtainable from ASTIA-DSC. 

~1 
1, Instruments, Fire control 
2. Instruments, Optical 
L  USA Contr.  No. 

W-36-038-ORD-3476 

Ubea tUt cord baa »*r*W ita pwyoie, it on» 
fco dcHtorH la •ccorrfanct vkb AFR »5*1. Ana» 
Be* 3ÖO-J or OPNAV Uat. 551*1. 

AE3ED SERVICES TECOTAl IBFOXJATKM flEEKC, 
00CICKT SEflnCE CEflTEIl 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184
	0185
	0186
	0187
	0188
	0189
	0190
	0191
	0192
	0193
	0194
	0195
	0196
	0197
	0198
	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208
	0209
	0210
	0211
	0212
	0213
	0214
	0215
	0216
	0217
	0218
	0219
	0220
	0221
	0222
	0223
	0224
	0225
	0226
	0227
	0228
	0229
	0230
	0231
	0232
	0233
	0234
	0235
	0236
	0237
	0238
	0239
	0240
	0241
	0242
	0243
	0244
	0245
	0246
	0247
	0248
	0249
	0250
	0251
	0252
	0253
	0254
	0255
	0256
	0257
	0258
	0259
	0260
	0261
	0262
	0263
	0264
	0265
	0266
	0267
	0268
	0269
	0270
	0271
	0272
	0273
	0274
	0275
	0276
	0277
	0278
	0279
	0280
	0281
	0282
	0283
	0284
	0285
	0286
	0287
	0288
	0289
	0290
	0291
	0292
	0293
	0294
	0295
	0296
	0297
	0298
	0299
	0300
	0301
	0302
	0303
	0304
	0305
	0306
	0307
	0308
	0309
	0310
	0311
	0312
	0313
	0314
	0315
	0316
	0317
	0318
	0319
	0320
	0321
	0322
	0323
	0324
	0325
	0326
	0327
	0328
	0329
	0330
	0331
	0332
	0333
	0334
	0335
	0336
	0337
	0338
	0339
	0340
	0341
	0342
	0343
	0344
	0345
	0346
	0347
	0348
	0349
	0350
	0351
	0352
	0353
	0354
	0355
	0356
	0357
	0358
	0359
	0360
	0361
	0362
	0363
	0364
	0365
	0366
	0367
	0368
	0369
	0370
	0371
	0372
	0373
	0374
	0375
	0376
	0377
	0378
	0379
	0380
	0381
	0382
	0383
	0384
	0385
	0386
	0387
	0388
	0389
	0390
	0391
	0392
	0393
	0394
	0395
	0396
	0397
	0398
	0399
	0400
	0401
	0402
	0403
	0404
	0405
	0406
	0407
	0408
	0409
	0410
	0411
	0412
	0413
	0414
	0415
	0416
	0417
	0418
	0419
	0420
	0421
	0422
	0423
	0424
	0425
	0426
	0427
	0428
	0429
	0430
	0431
	0432
	0433
	0434
	0435
	0436
	0437
	0438
	0439
	0440
	0441
	0442
	0443
	0444
	0445
	0446
	0447
	0448
	0449
	0450
	0451
	0452
	0453
	0454
	0455
	0456
	0457
	0458
	0459
	0460
	0461
	0462
	0463
	0464
	0465
	0466
	0467
	0468
	0469
	0470
	0471
	0472
	0473
	0474
	0475
	0476
	0477
	0478
	0479
	0480
	0481
	0482
	0483
	0484
	0485
	0486
	0487
	0488
	0489
	0490
	0491
	0492
	0493
	0494
	0495
	0496
	0497
	0498
	0499
	0500
	0501
	0502
	0503
	0504
	0505
	0506
	0507
	0508
	0509
	0510
	0511
	0512
	0513
	0514
	0515
	0516
	0517
	0518
	0519
	0520
	0521
	0522
	0523
	0524
	0525
	0526
	0527
	0528
	0529
	0530
	0531
	0532
	0533
	0534
	0535
	0536
	0537
	0538
	0539
	0540
	0541
	0542

